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ABSTRACT 
The geology of the High Pieria Mountains and the 
southern edge of the Vermion Mountains in the North 
Thessaly area of Greece is described in detail. The 
area stretches from the Veria-Kozani road in the north 
to the Mavroneri Valley in the south, and from the foot 
of the eastern slopes of the Pieria to the western slopes 
above the Aliakmon River. The latitute co-ordinates of 
the area are 40 011 1 N to 40° 26'N latitude and 22 05'E to 
22 ° 18'E longitude. 
An informal stratigraphic scheme is established for 
the area. 
Detailed petrological descriptions of the stratigraphic 
units are given, from which it is shown that they were all 
metamorphosed in a single episode to the garnet grade of 
the greenschist facies. It is deduced that the temperature 
and pressure of the metamorphism lay in the ranges 400 to 
450 ° C and 6.0 to 6.76kb. 
Detailed descriptions of the major and minor structures 
of the units are given, showing that the rocks have been 
subjected to four deformation episodes, in addition to late 
high angle faulting. The first episode was contemporaneous 
with the metamorphism. The second episode is interpreted 
as being part of the same orogenic event as the first. 
The structural work shows that the Pieria mountains 
are a stack of thrust sheets (the Pieria allochthon) emplaced 
in their present position along the basal Mavroneri Thrust 
in post-I. Cretaceous times (probably Eocene). The stack 
itself was however built up at the time of the first 
deformation episode. 
Rb-Sr isotopic evidence shows that this first 
deformation episode occurred in the Valanginian stage 
of the L. Cretaceous (120±3my). In addition the original 
crystallisation of the Pieria Granodiorite is shown by 
U-Pb isotopic analysis of zircons to have occurred in 
the Westphalian stage of the U. Carboniferous (302±5niy). 
Finally, the current state of knowledge of the 
Pelagonian zone rocks and of the adjacent zones is reviewed, 
and a tectonic model proposed into which the findings of 
the study can be fitted. 
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The subject of this thesis is the geology of an 
upland area of Greece situated in the northernmost part 
of the Thessaly massif. The principal topographic features 
of the region are the high ridges of the Pieria Mountains, 
bounded on the south by the deep valley of the Mavroneri 
River, on the east by the coastal plains of the Gulf of 
Thermaikos, and on the north and west by the valley and 
gorge of the Aliakmon River (Figure 1.1). The Vermion 
Mountains form the high ground to the north of the Aliakmon 
River, and part of the southern edge of these mountains 
is included in the area investigated. The relief of the 
area is rugged, the Pieria ridges reaching over 2000m in 
several places, and the side valleys are deeply incised 
into the uplands. 
Access 
Access to the area is gained from the two principal 
towns of Katerini in the east and Veria in the north (Figure 
1.2). Tarmacadam roads lead from Katerini westwards to 
the villages of Fotina and Ritini, and the main road from 
Veria to Kozani over the southern slopes of Vermion is now 
an excellent widened and remade road. Apart from these 
routes, all the roads are either gravelled or unsurfaced. 
They are mostly made and maintained by the local forestry 
departments, and only the through routes can be guaranteed 
to be accessible by car, especially in early spring or 
after heavy rain. 
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Figure 1.1 Topographic map of the northern Thessaly 
massif. 
Figure 1.2 Roads, tracks and principal villages. 
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Exposure and mapping 
Forestry is the principal economic activity through-
out the Pieria, and the slopes of the mountains up to 
1600m or more are mostly tree-clad. The exposure of rock 
is generally good except in areas where newly planted or 
self-seeded young trees are growing. Access to some parts 
is restricted by the steepness of the topography, and the 
steep slopes of the Aliakmon gorge are also densely covered 
with a prickly oak shrub vegetation. There is an extensive 
area running north-west from Dhaskion for about 7km, up 
to 1km wide, composed of unconsolidated Quaternary sediments 
of braided river type, overlying the bedrock in thicknesses 
up to 300m. The north-western slopes of the main Pieria 
ridge are also areas of poor exposure, much of this ground 
being covered by scree or landslip debris. Exposure in 
the area of relatively low relief to the north-east of 
Kataphygion is also poor as a result of deep weathering 
of the underlying granodiorite (see Chapter 2). 
I have mapped the area on various scales, from 
1:10,000 to 1:50,000, and the scale and reliability of 
the mapping for the various districts is shown in Figure 
1.3. The information has been synthesised into a map of 
the whole area at a scale of 1:20,000 (back pocket). The 
field work occupied a total of just under nine months in 
the summers of 1973, 1974 and 1975. 
Regional context and general geology 
The accepted terminology of the structural and fades 
zones of the Hellenides was proposed by Aubouin (1965), 
Figure 1.3 Reliability and scales of mapping. 
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who used the Hellenides as a type example for a proposed 
model of geosynclinal development. The boundaries of the 
zones and their names are shown in Figure 1.4. These 
boundaries were modified by Mercier (1968) who divided 
the Vardar zone into four separate zones. These are, 
from west to east, the Almopias, the Paikon, the Peonias 
and the Sub-Peonias. 
The area which I have studied lies within the 
Pelagonian zone, immediately south of the "Kozani saddle". 
The IPelagonian was characterised by Aubouin as being a 
region of pre-Tipper Triassic crystalline rocks which under-
went predominantly vertical movements in Mesozoic and 
Tertiary times, initiating deformation and nappe emplacement 
in neighbouring zones. The term "Kozani saddle" was used 
by Aubouin to denote the sedimentary cover to the crystalline 
basement within that part of the Pelagonian zone to the east 
of Kozani, the sediments being mainly neritic carbonates 
and dolomites. These make up the high ground of the Vermion 
Mountains. This cover is also preserved today in central 
Euboea (Chenevart and Katsikatsos, 1966). Its age in 
Vermion is not known for certain, though it has been described 
as of Upper Triassic age (Aubouin, 1965), or as "probably 
Triassic-Jurassic" (Godfriaux, 1970). 
There is only one previously published account of the 
geology of the area, that of Godfriaux (1970), which followed 
the same author's preliminary notes (Godfriaux, 1964; 
Godfriaux and Mercier, 1965). A brief account of part of 
my own work has been published (Yarwood and Aftalion, 1976). 
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Figure 1.4 	Structural/fcicies zones of Greece, modified 
after Aubouin (1965). 
Godfriaux described a very large area, which he mapped 
at a scale of 1:100,000, extending from Veria in the north 
to Elasson in the south, and from Servia in the west to 
the Aegean Sea in the east. The present study follows 
on more recent and detailed investigations in the south 
and east of this area, by Barton (1975a, 1975b, 1976) 
working on the western part of the Olympos carbonates and 
the adjoining metamorphic rocks, and by Nance (1976) 
working on the ultraniafic rocks and metamorphic schists 
in the area around the village of Livadi. The study was 
undertaken to investigate the reported presence of high-
pressure, low-temperature parageneses near Kastania 
(Godfriaux, 1970, pp. 82 and 170-1), and to elucidate the 
major and minor structures in the Pieria region of the 
Pelagonian zone. The areas mapped by Godfriaux, Barton, 
Nance and myself are shown in Figure 1.5, and it will be 
seen that those of Barton, Nance and myself are contiguous. 
The conclusions reached by the three authors which 
I have just mentioned will be dealt with in detail in the 
following Chapters where appropriate, but in outline, the 
gross features of the geology of the area from Olympos to 
Vermion are as follows. Mount Olympos itself is made up 
of unmetamorphosed platform carbonates showing a history 
of continuous deposition from the Upper Triassic to the 
Eocene (Godfriaux, 1970). Overlying the carbonates along 
the western margin of the Olympos massif are schists derived 
from both sediments and igneous rocks, with some inter-
calated marbles. Barton (1975b) has shown that the sense 
Figure 1.5 Field area in relation to other work in the 
region. 
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of movement along the tectonic contact of the metamorphic 
rocks upon the platform carbonates indicates emplacement 
from the south-west during Tertiary times. 
Nance (1976) has shown that the ground between the 
Mavroneri valley and the Aghios Dimitrios valley is composed 
of complexly folded metamorphic rocks, upon which ultramafic 
material has been emplaced at a late stage in the deformation 
history of the area. All these rocks appear to be structurally 
above the schists which overlie the Olympos carbonates. The 
flat-lying basal thrusts of the ultramafic rocks and the 
foliation of the schists take on a pronounced northward 
dip on the south side of the Mavroneri valley. On the 
north side of the valley, the upper contact of the ultra-
mafics is exposed, and this contact is a thrust surface 
dipping northwards beneath meta-sediments and meta-igneous 
rocks of the Pieria Mountains. 
As I shall describe later, the Pieria Mountains are 
composed of an allochthonous mass, which has suffered 
deformation and metamorphism, and which now overlies 
flattened and mylonitised meta-sediments. The Pieria 
Granodiorite is the highest of a series of thrust sheets, 
of which the structurally lowest rests upon the Olympos 
carbonates. These carbonates may or may not be autochthon-
ous (see Chapter 6 for a detailed discussion). The 
metamorphosed carbonates of Upper Triassic or later age 
of the Vermion Mountains form a sedimentary cover which 
extends across the whole width of the Pelagonian in the 
north of the area I have studied ("Kozani saddle"). The 
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carbonates have been deposited upon an old erosion surface 
and were subsequently deformed and metamorphosed. To the 
south of Vermion, they are found on the eastern edge of 
the Pieria Mountains, close to the border between the 
Pelagonian and Almopias zones, as far as the Aghios 
Dimitrios valley. In the vicinity of Olympos, slices of 
metamorphosed carbonate are involved in the thrust move-
ments (Barton, 1975a). In the lower ground west of the 
Pieria-Livadi region, the carbonates have been mapped by 
Godfriaux (1970) apparently also as cover to the metamorphic 
"basement". 
This study is thus concerned primarily with the 
uppermost tectonic units in the northern parts of the 
Thessaly massif and with the associated metamorphosed 
carbonate rocks. There are considerable differences between 
the results of this work and those of Godfriaux (1970) in 





The li -thologies found in the area are described in 
this chapter, and an informal stratigraphy is proposed 
and explained. The structural sequence is discussed in 
detail in Chapter 3 (Structure). Discussion of the 
metamorphic assemblages is reserved for Chapter 4 
(Metamorphism). 
The names of lithological units employed by Godfriaux 
(1970) have not been used here. This is principally 
because the boundaries of the units which I have mapped 
do not in general coincide with those shown on Godfriaux's 
published map. The type locality of Godfriaux's "eyed 
and banded gneisses of Livadi" (labelled "Gno" on his map) 
is separated from all the units described here by the major 
thrust planes of the Mavroneri valley. It thus seems 
inappropriate to attribute Pieria rocks to this unit solely 
on the basis of mineralogy and texture. 
The distinction drawn by Godfriaux (op. cit., pp. 
78-92, 98-9) between the "eyed and banded gneisses of 
Livadi (Gno)" and the "albitic gneiss of the High Pieria 
On)" in the eastern and southern parts of the Pieria 
Mountains appears unjustifiable on the ground, all these 
rocks being grouped here as the various facies of the 
Pieria Granodiorite. Similarly, Godfriaux's "oriented 
granite of Kataphygion (GrO)" and "Flambouron granite (Gr)" 
are here included in the Pieria Granodiorite. The "older 
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Figure 2.1 Place names referred to. 
though not in mapped outcrop, to the ultrainafic rocks of 
the Livadj district and the Mavroneri valley (Nance, 1976). 
The Mavroneri Meta-syenite is not recorded by Godfriaux. 
The "Dhaskion Series", though not distinguished on 
Godfriaux's map, appears from his section (op. cit., Fig. 
30) to correspond to the Dhaskion Mylonites and part of 
the Melissopetra Amphibolites, described below. I have 
not been able to identify the "Dhaskion discordance" (op. 
cit., p.94) unless this refers to the basal contact of 
the Pieria Granodiorite. The dip of the foliation in this 
area is indicated on Godfriaux's section (op. cit., Fig. 28) 
as being to the north, whereas the dip I have observed in 
the Dhaskion Mylonites is predominantly to the south, 
except locally beneath the hill of Faliokastro. The marble 
of this hill is mapped by Godfriaux as "marble of 
indeterminate age (Mp)", whereas there is no reason why 
it should not simply be mapped as an outlier of the carbonate 
cover ("Tkp") of the eastern part of the area, which extends 
to a point only 2km north-east of Paliokastro. 
The terminology used in describing mylonitic rocks 
is that of Higgins (1971). 
Correlation of major units across the area 
None of the units beneath the Pieria Granodiorite 
can be traced on the ground between the Mavroneri valley 
in the south and the areas around the Aliakmon valley in 
the north. The Granodiorite is however continuous across 
the whole of the Pieria Mountains. Units beneath the 
granodiorite may be correlated across the area using 
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structural position and similarities of structural style 
and of rock-type (Figure 2.2). The units south of the 
Aliakmon are described first, from south to north, 
commencing at the lowest levels, and the correlations 
are discussed following the descriptions. 
The sections of Figure 2.2 are informal guides to 
the stratigraphy, and not measured type sections. The 
extents of the surface outcrops of the various units are 
shown on Maps 1 and 2 (see back pocket), and Figure 2.3. 
Livadi Schists 
These schists outcrop outside the area which I have 
studied, south of the Mavroneri River. They have been 
described in detail by Nance (1976). They are meta-igneous 
and meta-sedimentary rocks of various types, including 
principally quartzo-feldspathic schists, pelitic schists, 
and quartzo-feldspathic augen schists. The southern side 
of the Mavroneri valley west of the Mavroneri ultramafic 
body (Nance, 1976) is composed of augen schists in which 
subbedral or euhedral alkali feldspar crystals or crystal 
aggregates are wrapped around by a foliation defined by 
white mica, recrystallised quartz aggregates and epidote 
grains. East of the Mavroneri body, the south side of the 
valley is composed of amphibolitic schists which are 
indistinguishable from those of the Mavroneri Ainphibolites 
(see below). 
Mavroneri, West Mavroneri, Stournaria and Eteri Ultramafic 
Bodies 
Like the Livadi Schists, these ultramafic bodies have 
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been described in detail by Nance (1976), except for the 
West Mavronerj body, which has been mapped in detail for 
the first time by myself. It consists of the same rock-
types as the other ultramafic masses. Each mass is 
composed of three distinct types which are normally found 
in a sequence from bottom to top of gabbro, pyroxenite 
and serpentinite (Nance, 1976). This sequence is in many 
places repeated in whole or in part as a result of a 
series of major and minor thrust planes. The sequences 
are laterally discontinuous. 
The meta-gabbro shows considerable variations in 
texture as a result of varying degrees of deformation 
across the outcrops. It may be well-foliated, with many 
scattered dark green porphyroblasts in a pale greenish 
matrix, or only weakly foliated with fewer large porphyro-
blasts. In thin section, the porphyroblasts are seen to 
be colourless actinolitic amphiboles which in some specimens 
have opaque ore inclusions. The inclusions are in bands, 
and typically occur in a discrete part of the porphyroblast, 
suggesting that they are relics of pre-metamorphic crystals, 
probably pyroxenes. The matrix of the rock is of small 
prisms of inclusion-free actinolitic amphibole, with or 
without zoisite, fuchsite and plagioclase. These fine-
grained minerals are aligned in the foliation. 
The meta-pyroxenites are dark coarse grained rocks 
in which large black crystals (up to 1cm diameter) lie in 
a pale greenish-white finely fibrous matrix. In thin section, 
large crystals of clino-pyroxene (augite) with parallel 
- 11 - 
trains of opaque ore inclusions make up 95% of the rock, 
with interstitially fine needles of colourless actinolite. 
The serpentinites are dark compact rocks almost 
entirely composed of serpentine, with interstitial calcite. 
These rocks do not occur at all north of the Mavroneri 
valley, with the exception of a large "boudin" or "augen" 
of amphibolite in the Dhaskion Mylonites (see below) and 
several other smaller tectonic inclusions of the same type 
are present in nearby outcrops. 
I/Iavroneri Amphiboli -tes 
This unit occurs immediately above the ultramafic 
rocks, the contact being a major thrust (see Chapter 3). 
The thickness of the unit increases from west to east, 
being around 40m at the upper (west) end of the Mavroneri 
valley and over 200m thick at Skotina in the east. The 
basal contact of the unit cannot be traced in the rocks 
east of the Stournaria Tfltramafic body, since they are all 
of very similar amphibolitic types. The presence of the 
Limnia TJltramafic body on the summits south of Skotina 
(Nance, 1976) implies that the thrust surface does continue 
east down the valley. 
In hand specimen, these rocks are very dark well-
foliated amphibolites (Plate 2.1), with a schistosity 
defined by amphiboles, micas and epidotes. In thin section, 
the assemblage is:- 
Quartz-chlorite-actinolite-muscovite-epidote-sphene 
± plagioclase-opaques. 
The quartz forms layers of sutured-grain-boundary 
7) 
Plate 2.1 	Well-foliated amphibolite, showing 
kink banding (parallel to arrow). 
Mavroneri Amphibolites, Skotina. 
4 
Atf 
Plate 2.2 	Actinolitic amphibole needles in 
quartz-plagioclase matrix. Location 
as Plate 2.1 (plane polarised light, 
x 15). 
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crystals between the layers of elongate minerals. 
Individual quartz grains are often strained, or reveal 
a sub-grain structure (Plate 22). The amphibole of these 
schists is a colourless to blue-green pleochroic actinolite, 
and there are many sub-rounded epidote grains (Plate 2.3). 
Subordinate quartzo-feldspathic layers are present, 
up to SOcms in thickness. These include schists, with 
and without augen, with proto-mylonitic textures. In hand 
specimen, they are foliated quartz mica feldspar schists 
(Plate 2.4). In thin section, the assemblage is:- 
Quartz-chlorite-muscovite-epido -te-actinoljte 
± garnet-sphen.e-plagioclase-opaques. 
The quartz forms layers of sutured grain-boundary 
crystals in which individual grains are strained and some-
times separated by chlorite flakes (Plate 2.5). The 
amphibole is scarce and occurs within the mica layers as 
elongate prisms. The augen are aggregates of feldspar 
crystals in which both perthite and albite grains occur 
(Plate 2.6). Epidote is scattered throughout the mica 
layers and often shows brown allanite cores with pale 
green epidote rims. 
Melissopetra Amphibolites 
This unit is at the lowest exposed structural level 
north of the main Pieria G-ranodiorite mass, and lies 
immediately beneath the Dhaskion Mylonites. It has a 
thickness of at least 200m, but the lower contact is not 
seen. It is best exposed along the course of the 





Plate 2.3 	Actinolitic amphibole needles, epidote, 
quartz and plagioclase. Mavroneri 
Amphiboli -tes, bridge on SkoUna- 
Livadi road (crossed polars, x15). 
-4' 
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Plate 2.4 	Quartzo- 	, 
feldspathic schist 	 - 
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Plate 2.5 	Quartzofeldspathic schist, with strained 
quartz, chlorite and muscovite. Mavroneri 
Amphibolites, Skotina (crossed polars, x20). 
Plate 2.6 	Microperthite and twinned albite in feldspar 
augen. Mavroneri Amphibolites, Scotina 
(crossed polars, x 20). 
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and Sf ikia. The unit extends along both walls of the 
Aliakmon gorge eastwards to Psili Rahi where it is over-
lain by the eastwards dipping carbonate cover (see below). 
The unit is displaced across the gorge by the north-east/ 
south-west trending regional fault system. 
The dominant lithology is a compact, well foliated 
amphibolite, with assemblages:- 
(or zoisite) 
±albit e±apatite_Opaques. 
The foliation is defined by the micas and the amphi-
bole, which make up 80% of the rock. The matrix is either 
quartz or albite. Fractured albite crystals are overgrown 
by amphibole and appear to pre-date the amphibole (Plate 
2.7). 
Layers of a quartzo-feldspathic augen schist are 
present in the lowest exposed levels of the Melissopetra 
Amphibolites (Plate 2.8). The layers are up to 2m thick. 
The augen schist is composed of perthitic alkali feldspar 
and microcline crystals, with a foliation defined by pale 
green phengitic mica and scattered epidotes. Occasional 
small andesine crystals occur, showing alteration to epidote 
and sericite. Quartz occurs as extensive recrystallised 
aggregates in the layers of the foliation. Sphene is a 
common accessory mineral. 
Near the confluence of the Melissopetra and Neftolakkos 
Rivers, the amphibolite/augefl schist layering has been 
intruded by an unfoliated dolerite (Plates 2.9 2 2.10). 
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Plate 27 	Fractured twinned albite overgrown by 
small hornblende needles, with quartz 
and epidote. Melissopetra Amphibolites 
I1elissopetra River (crossed polars, x15. 
Plate 2.8 	Interlayered amphibolite and quartzo- 
feldspathic augen schist. Melissopetra 
Amphibolites, Melissopetra River. 
Plate 2.9 	Unfoliated dolerite intruded into augen 




Plate 2.10 	Unfoliated dolerile with sericitised 
plagioclase needles in glassy groundmass 
with amphibole pseudomorphs after clino-
pyroxene and olivine. Melissopetra 
Amphibolites, Melissopetra River (crossed 
polars, x15). 
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Mavroneri Meta-syenite 
This unit is above the Mavroneri Amphibolites, and 
has a thickness of about 200m. The upper and lower contacts 
dip northwards at about 30 degrees in conformity with the 
dominant attitude of the primary foliation within both 
the Meta-syenite and the Amphibolites. The absence of 
thermal contact effects in the underlying and overlying 
rocks, and the strongly sheared nature of the Meta-syenite 
towards the contacts implies that the contacts are low 
angle thrusts. There is no indication of chilled margins. 
Although the original groundmass grain size is now unknown, 
the size of the phenocryst phases does not decrease towards 
the contacts. Marginal chilling is thus not detectable. 
There is no evidence of intrusion of sheets or apophyses 
of meta-syenite into the adjacent units. 
In the field, the Meta-syenite is a striking dark 
greenish-grey rock, with abundant large euhedral Carlsbad-
twinned and zoned alkali feldspars up to 5cm long which 
are scattered in random orientation throughout the rock 
(Plate 2.11). The rather weakly developed foliation passes 
round the feldspars, though there are randomly oriented 
amphiboles and epidote within the crystals. Euhedral 
hornblendes lie within the foliation and show a weak 
preferred orientation. Small epidotes are present and 
there are large well-formed crystals of sphene. In places 
the foliation is quite well-developed, and here the feld-
spars have a fairly strong preferred orientation within 
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Plate 2.11 
	
Mavroneri Meta-syenite with large alkali 
feldspar crystals. Banal River lower 
track. 
Plate 2.12 	Xenolith of amphibolitic material in strongly 
foliated Mavroneri Meta-syenite. Banioi River 
lower track. 
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amphibolitic material (Plate 2.12) and several basic 
layers which appear to have been either segregation veins 
or part of a distinct intrusive phase. 
In thin section, the alkali feldspars can be seen 
to be perthitic orthoclase crystals or crystal aggregates. 
Twinned, often euhedral greenish-brown hornblendes show 
irregular cores with paler overgrowths. A few large 
strained quartz crystals are present, elongated in the 
foliation. The foliation is defined by sericite-muscovite 
flakes making a very fine matted texture. The sericite 
appears to be a breakdown product of plagioclase in fine-
grained aggregates, and there is much fine-grained clino-
zoisite with minor epidote associated with the sericite. 
Plagioclase (An40) also occurs in aggregates within the 
foliation planes. There are a few corroded crystals of 
a brown turbid biotite (probably oxidised) with isotropic 
inclusions. Large euhedral sphenes are common. Pale green 
epidote occurs as larger porphyroblasts, commonly associated 
with hornblende or biotite. 
Partial whole rock analyses of two samples of the 
Meta-syenite are given in Table 2.1. 
There is no unit corresponding to the Meta-syenite 
beneath the granodiorite in the northern areas. 
Mavroneri Mylonites 
This unit overlies the Mavroneri Meta-syenite. It 
varies in thickness from 300m in the west to lOOm in the 
east. 
The unit Consists of three main rock types, calcareous 
TABLE 2.1 	Partial analyses and C.I.P.W. norms of 
Mavroneri valley meta-igneous rocks 
Y134 Y139 Y426 Y441 
3 ± 02 58.94 61.07 71.88 69.30 
Ti02 0.97 0.94 0.29 0.31 
A12 0 3 15.33 15.50 15.12 14.76 
FeO 6.50 6.28 1.96 2.06 
MgO 2.31 2.34 0.88 0.47 
CaO 4.61 3.92 2.04 2.50 
Na2 0 3.34 3.44 3.87 3.51 
K 2  0 4.32 4.23 3.67 3.62 
0.42 0.40 - - 
96.54 98.12 99.71 96.53 
Q 7.69 10.29 28.30 28.47 
or 26.38 25.47 21.75 22.16 
ab 29.21 29.66 32.84 30.77 
an 14.55 14.63 10.15 12.85 
di 5.28 2.13 - - 
hy 13.96 15.04 5.33 4.60 
ii 1.90 1.82 0.55 0.61 
ap 1.03 0.97 - - 
cor - - 1.08 0.54 
Feldspar composition (%) 
or 37.61 36.51 33.60 33.69 
ab 41.64 42.52 50.73 46.78 




Y426 	Lower Mavroneri Augen Schist, Aghios Nicolaos. 
Y441 	Lower Mavroneri Augen Schist, Eteri. 
Y134, Y139 Mavroneri Meta-syenite, Barioi River. 
Elements were determined with standard X-ray fluorescence 
techniques, with the exception of sodium which was 
determined by the flame photometer method. 
pelitic schists, quartzo-feldspathic schists and marble. 
The schists are characterised by a protomylonitic texture. 
The pelitic and quartzo-feldspathic schists are interbanded 
in layers of 5 to 50cms thick (Plates 2.13, 2.14). The 
pelitic schist contains the assemblage:- 
Quartz-muscovite-chlorite-sphene-apatite- 
opaque s+plagioclase+amphibole+garnet 
The quartz forms recrystallised aggregates in which 
individual grains show weak undulose extinction (Plate 2.15). 
The mica is intergrown with primary chlorite, and these 
minerals define the foliation. The plagioclase when present 
is much altered to sericite and clino-zoisite, and the crystals 
have corroded outlines. The garnets also are strongly altered 
and have inclusions of quartz and opaque minerals (Plate 2.16), 
and irregular outlines. The amphibole is a pale green 
pleochroic variety and forms as small prisms in the foliation 
(Plate 2.17). 
The quartzo-feldspathic schists have albitic feldspar 
augen with a foliation defined by layering of muscovite and 
recrystallised quartz layers. The assemblage is:- 
Quartz-albite-epidote-muscovi -te-opaques. 
The albite is strongly altered to sericite and clino-
zoisite, and the epidote is poikilitic (Plate 2.18). Within 
the uppermost part of the unit is a marble band about 2m 
thick, which is 95% calcite but displays a well-defined 
schistosity of white micas, and contains scattered poikilitic 
epidote porphyroblasts, occasional quartz grains, sphene and 
opaque minerals. The boundaries of this marble band are 
- 
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Plate 2.13 Pelitic schists of Mavroneri Mylonites, 
Barioi River lower track. 
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Plate 2.14 	Quartzo—feldspathic rnylonites. Mavroneri 
Myloni -tes, Bariol River lower track. 
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Plate 215 	Recrystallised quartz with undulose 
extinction and chlorite and muscovite 
flakes. Protomylonite from Mavroneri 
Mylonites, Barioi River lower track 
(crossed polars, x20). 
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Plate 2.16 	Small altered garnets in quartz-muscovite- 
epidote proto-mylonite. Mavroneri Mylonites, 


















Plate 2.17 	Actinolitic amphibole prisms in quartz- 
plagioclase-muscovite matrix. Mavroneri 
Mylonites Barioi River lower track, 
(Plane polarised light, x15). 
ilate 2.18 	Strcn8iy sericitised lagiociase and 
poikilitLc epidote with muscovite and 
quartz. 
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transitional with pelitic schist, the proportion of calcite 
gradually increasing and quartz decreasing into the marble 
layer over a distance of about 5m. This marble band can 
be traced for 10km along the whole length of the Mavroneri 
valley from Pente Pirgoi in the east to the southern slopes 
of Tourla in the west. 
Dhaskion Mylonites 
The Dhaskion Mylonites lie immediately beneath the 
Pieria Granodjorite at its northern boundary, and are in 
a similar structural position with respect to the granodiorite 
as the Mavroneri Mylonites at the southern boundary of the 
granodiorite. The unit is exposed in the slopes of the 
Aliakmon valley north of Dhaskion, and is repeated by 
north-east/south-west trending faults in the north slopes 
of the Pieria ridge south-east of Dhaskion. 
The majority of the rocks making up this unit are 
quartzo-feldspathic protomylonites. Subordinate layers 
of mylonite and ultramylonite occur, especially near the 
contact with the Pieria Granodiorite. This contact is 
transitional, the protomylonitic layering changing upwards 
into a true naylonite, back to protomylonite (quartzo-
feldspathic augen schist - Plate 2.19) and foliated 
granodiorite and then to undeformed granodiorite. The 
transition zone from mylonite to granodiorite is 200m thick. 
The top of the true mylonite is taken as the upper boundary 
of this unit. The mylonites display a well-developed 
fluxion structure which passes round porphyroclasts of 
alkali feldspar, plagioclase, quartz, mica, epidote and 
Plate 2.19 Quartzo- 
feldspathic augen schist, 
Dhaskion Mylonites, track 
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Plate 2.20 Fluxion structure in alkali feldspar-
quartz-mica-epidote-garnet proto-mylonite. 
Bhaskion Mylonites, track north of Aghios 
Athanasios, Paliokastro (crossed polars, 
xlO). 
garnet (Plate 2.20). The layering is composed of very 
small recrystallised white mica flakes, and recrystallised 
quartz grains form layered aggregates between the foliation 
planes. 
The assemblages in this unit are independent of the 
degree of mylonitisation, and are as follows:- 
quartz-alkali feldspar-plagioclase-white mica 
-epidote (or zoisite)-sphene±iotite±garnet. 
Whitish bands of a simpler quartzo-feldspathic 
mineralogy also occur parallel to the rnylonitic foliation 
(Plate 2.21). These have protomylonitic or mylonitic 
textures, corresponding with the textures of the adjacent 
material. The assemblages are:- 
quartz-alkali feldspar-white mica-plagiociase. 
There are also thin bands less than 1cm thick within 
the mylonites which are amphibolitic. Apart from these 
layers, there are in several localities much more massive 
bodies of amphibolite. These have the form of very large 
boudins, up to 150m in length (see Chapter 3), within 
which mylonitic textures have not been developed, although 
there is a strong foliation. 
North of Dhaskion, there are a few isolated boudins 




The largest of these boudins is 2m long (Plate 2.24), 
whilst the smallest is about 2cm in length. 
Dhaskion Mylonites, track 
Plate 2.21 	Quartzo- 
feldspa -thic mylonite. 	
epow 
north of Aghios 
Athariasjos, Paliokastro. 
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Plate 2.22 	Amphibole and opaque ores of ultramafic 
boudin in Dhaskion Mylonites. Track at 
stream north-west of Aghios Athanasios, 
Paliokastro (plane polarised light, xlO). 
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Plate 2.23 	Amphibole-garnet--plagioclase-epido -te- 
quartz of ultrarriafic boudin, as Plate 
2.22. 
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Plate 2.24 	TJltramafic boudin, as plate 2.22. 
- 19 - 
Lower Mayroneri Augen Schists 
This unit lies on top of the Mavroneri Mylonites. 
It is 560m thick and extends eastwards along the upper 
slopes of the Mavroneri valley from Plaka in the west as 
far as the Vathilamma River. Here a fault cuts out the 
Quartzite-Pelite Unit (see below), and to the east of the 
river, the boundary between the Upper and Lower Mavroneri 
Augen Schists is undefined. 
The unit is composed predominantly of quartzo-feld-
spathic augen schists, with minor amounts of an almost 
pure quartz-feldspar rock, and amphibolitic layers. The 
augen schists are well-foliated protomyloni -tes. A strong 
fluxion structure can be seen in hand specimen to pass 
around subhedral to euhedral feldspar augen up to 1.5cm 
long (Plate 2.25), and the strong foliation is defined by 
white micas with lesser amounts of biotite, elongate epidote 
and streaked-out patches of quartz. The texture is some-
what variable, and in some exposures the mylonitisation 
is more intense, causing streaking-out of the augen into 
lenses and ribbons. The size of the augen also varies 
considerably, and in some rocks the augen are only 2 or 3mm 
in diameter (Plate 2.26). 
In thin section, the rocks have the assemblage:-
quartz-white mica-alkali feldspar-albite-epido -be 
-allanite-apatite-sphenei-bjotite. 
The alkali feldspar is perthitic, and forms most of 
the augen visible in hand specimen (Plate 2.27) and contains 
albitic inclusions showing strong sericitisation. Some augen 
LA 
Plate 225 	Fluxion 
structure in quartzo-
feldspathic augen schist. 
L. Mavroneri Augen Schists, 
.Aghios Nikolaos track, 
Mavronerj. 
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Plate 2.26 	Fluxion structure in quartzo-feldspathic 
augen schist with small single-grain augen. 
L. Mavronerj Augen Schists, Aghios Nikolaos 
track (crossed polars, x15). 
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Plate 2.27 	Perthitic alkali feldspar. L. Mavroneri 
Augen Schists, Barioi River upper track 





Plate 228 .Augen of crystal aggregate of quartz and 
orthoclase. L. Mavroneri Augen Schists, 
location as Plate 2.27 (crossed polars, 
x20). 
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are composed of aggregates of orthoclase and albite 
(Plate 2.28) and some are of single microcline crystals. 
The quartz forms large strained crystals or recrystallised 
aggregates elongated in the foliation plane. Allanite 
occurs as small usually euhedral crystals with complete 
rims of epidote. The epidote also forms subhedral crystals 
in the mica layers (Plate 2.29). 
Partial whole rock analyses of two samples of the 
augen schist are given in Table 2.1. 
The augen schists are interpreted as strongly flattened 
and metamorphosed granodioritic material. This interpretation 
is supported by the mineralogy of the augen, which are the 
same as the phenocrysts in the Pieria Granodiorite (see 
below), by the presence of xenoliths in the schists (Plate 
2.30), and by the transitional relations between the Upper 
Mavroneri Augen Schist unit which is essentially identical 
to this unit and the Pieria Granodiorite. The variation 
in size of the augen in the schists is also seen in the 
phenocrysts of the Granodiorite. Comparison of the partial 
whole rock analyses of Y426 and Y441 in Table 2.1 with 
those of the samples of the Pieria Granodiorite in Table 2.2 
confirms that the gross chemical composition of the augen 
schists is the same as that of the granodiorite. 
The quartz—feldspar rock forms striking white bands 
varying in thickness from 10cm to lm, and makes up about 
5% of the unit. In thin section, the layers are seen to 
be of very small albite grains, with a weak white mica 
foliation, and scattered crystals of alkali feldspar, 
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Plate 229 	Epidote, muscovite, plagioclase and 
quartz in proto-mylonitic granodiorite. 
L. Mavroneri Augen Schists, location as 







Plate 230 Xenolith of amphibolitic material in 
weakly foliated augen schist. L. Mavroneri 
Augen Schists, location as Plate, 2.27. 
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oligoclase (Ab75), and strained quartz. Occasional small 
grains of epidote and sphene are present (Plate 2.31). 
By analogy with the apilte sheets of the deformed zones 
of the Pieria Granodiorite, these layers are interpreted 
to have been intruded as aplites before the flattening of 
the granodiorite to form the augen schists. In several 
localities, first phase folds of the layers are present 
to which the primary schistosity is axial planar (Plate 
2.32), indicating that the layers were indeed present 
before the flattening took place. 
Amphibolitic layers are common in the Augen Schists 
(Plate 2.33). They are usually quite thin (20cm) ranging 
up to lm in thickness, and make up around 1% of the unit. 
They are conformable with the foliation, and have them-
selves a well-developed schistosity. In thin section, 
the assemblage is seen to be:- 
actinolite-quar -bz-epidote--plagioclase-whi -te mica. 
These layers are also considered to have been intruded 
into the granodioritic material prior to the strong 
flattening, similar intrusive material being present in 
the Pieria Granodiorite (see below). The layers are 
difficult to trace between outcrops, and are apparently 
in boudins as a result of the deformation. 
Quartzite-Felite Unit 
This unit lies between the Upper and Lower Mavroneri 
Augen Schists. The unit is up to 20m thick and is composed 
of two distinct parts, a lower part of quartzite comprising 
half the thickness of the unit, and an upper part of quartz- 
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Plate 2.31 	Twinned oligoclase in quartz-muscovite- 
epidote-sphene matrix. L. Mavroneri 
Augen Schists, location as Plate 2.27. 
awe - 
Plate 2.32 	First phase fold of aplitic layer in 
quartzo-feldspathic augen schist, location 











Amphibolitic layer in L. Mavroneri Augen 
Schists, location as Plate 2.27. 
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Plate 2.34 	Garnet with chlorite and muscovite, with 
small plagioclase grains in the mica. 
Quartzite-pelite unit, ridge west of 
Barioi River (plane polarised light xlO). 
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mica-garnet schist. The quartzite is pure white medium-
grained recrystallised quartz in bands up to 75cm thick, 
separated by pelitic layers less than 10cm thick. The 
pelitic layers are a quartz-white mica-garnet schist. 
The upper part of the unit is also a schist/quartzite 
layering, but the schist makes up over half the aggregate 
thickness of this part. The presence of the quartzite 
in this unit implies a sedimentary origin for the rocks, 
and this in turn implies that the upper and lower contacts 
of the unit are thrust planes. 
The assemblages of the schist are:- 
quartz-white mica-garnet-chlorite-plagioclase 
-amphibole±epidote (or zoisite)-sphene-opaques. 
The garnets are small (less than 0.5mm), euhedral 
and without pressure shadows. The foliation does not pass 
round the porphyroblasts (Plate 2.34). The amphibole is 
very sparse, and is an actinolitic variety with blue-green 
to colourless pleochroism, showing strong alteration along 
the cleavage planes. The plagioclase forms small augen 
between the mica flakes, and has small quartz inclusions 
(Plate 2.34). 
At one locality, south-east of Tourla, black nodules 
up to 10cm in diameter of intergrown garnet and tourmaline 
in a recrystallised quartz matrix occur within the quartz-
mica-garnet schist (Plate 2.35). 
Upper Mavroneri Augen Schists 
This unit lies on top of the Quartzite-Pelite Unit, 
and displays textures and lithologies which are essentially 
of 	 I7  
j54fr c% Z #44• 
AS- "kI11 
, 
w 	• 	 v. * , 
• •" 	 F s;_:' '7.T 
Plate 2.35 	Tourmaline-garnet nodule in quartzite- 
pelite unit. Ridge south-east of 
Tourla (plane polarised light xlO). 
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Plate 2.36 	Unfoliated granodiorite. Pieria Granodiorite, 
Valkanies River. 
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identical to the Lower Mavroneri .Augen Schists. The upper 
boundary between the unit and the Pieria Granodiorite is 
transitional, the foliation becoming gradually less well-
defined and the mineralogy changing to that of the 
Granodjorjte over a thickness of some hundreds of metres. 
Within the unit there are areas of undeformed granodiorite 
which are discontinuous along the strike of the foliation, 
and these appear to be lenticular in form, and up to 50m 
thick. 
East of the Vathilamma River, the Quartzite-Pelite 
Unit is cut out by a fault and the boundary with the Lower 
IVlavroneri Augen Schists is here undefined. 
Dhaskion Augen Schis -Ls and Kastania Augen Schists 
The upper boundaries between these units and the 
Pieria and Kastania Granodiorites (respectively) are 
transitional. The units are essentially identical to the 
Lower Mavroneri Augen Schists, with the foliation becoming 
gradually less well-defined, and the mineralogy changing 
to that of the Granodiorites over a thickness of less than 
lOOm. 
The units represent a deformed basal facies of the 
Granodiorites, the lower contacts being the major thrusts 
of the Dhaskion and Mikri Santa/Lefkopetra hillsides. 
Pieria Granodiorite and Kastania Granodiorite 
The Pieria and Kastania Granodiorites are correlated 
on the basis of the similarities in their petrology, 
structural features and stratigraphic positions. Since 
the two units are identical in their petrology, they are 
- 24 - 
described together here, and reference to granodiorite 
is to be taken to refer to the rocks of both units. 
The Pieria G-ranodiorite is the most extensive unit 
exposed in the area, and makes up the whole of the high 
ground of the Pieria Mountains, from Pappa Horafia in the 
north to Tourla in the south, and from the Aliakmon in 
the west to the eastern valleys. The Kastania Granodiorite 
makes up most of the ground on the north bank of the 
Aliakmon, in the steep hillsides between the river and 
the summits of Vermion. The exposure is good on those 
steep valley sides where the tree cover is least, and poor 
on the less rugged parts where the granodiorite weathers 
to a deep soil. A large part of the north-west-facing 
slopes of Flambouron above Kataphygion is formed of land-
slip debris in which there is no exposure. I have not 
attempted to map the whole of the granodiorite in detail 
(Figure 1.3), but have made a reconnaissance survey of 
the eastern boundary where the granodiorite passes under 
the carbonate cover (see below), and of the northern contact 
with the Dhaskion Mylonites. To the west, the exposure is 
moderate to good in the slopes overlooking the Aliakmon 
valley from Polyfiton to Paliogratsanon. South of 
Paliogratsanon, it is obscured by extensive landslip debris 
and generally poor exposure in the slopes west of the 
Mavroneri col. Again, my investigation of this part has 
been limited to reconnaissance. For detailed mapping, I 
selected the deep valleys of the Valkanies and Kataphygion 
Rivers, north-west and west of Kataphygion. This area 
- 25 - 
offers a section 700m in vertical height and contains the 
full range of lithologies, textures and structures which 
I have observed in reconnaissance of the Pieria and 
Kastanja Granodiorites as a whole. 
The units are composed of a variety of rock types. 
The commonest types are rocks with unfoliated granodioritic 
texture (Plate 2.36). The term granodiorite is used loosely 
here to include this range of textural types, all of which 
have a quartzo-feldspathic mineralogy. The principal type 
is a coarse-grained felsic rock with euhedral pink alkali 
feldspar phenocrysts (Plate 2.37) set in a matrix of 
plagioclase, quartz and biotite. In thin section (Plate 
2.38), the rock is seen to be composed of equidimensional 
crystals of orthoclase and sericitised plagioclase (both 
albite Ab98 and oligoclase Ab75), each making up 35% of 
the section. The orthoclase has inclusions of the plagio-
clase and quartz. Sutured aggregates of quartz crystals 
occupy 25% of the section in the interstices between the 
feldspar crystals, and the undulose extinction of the quartz 
shows that it is strained. Pale greenish-brown biotite 
makes up 5% of the rock. Pale yellow epidote occurs as 
an accessory mineral, either forming as an alteration 
product of plagioclase or as overgrowths on brown, strongly-
pleochroic allanite. There are scattered small garnet 
crystals. Sphene, zircon and opaque ores are present as 
accessory minerals. 
Partial whole rock analyses of four samples of unfoliated 






Alkali feldspar phenocrysts in unfoliated 
Pieria Granodiorite. Kataphygion River. 
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Plate 2.38 	Orthoclase, sericitised plagioclase, and 
quartz. Pieria Granodiorite, Valkanies 
River (crossed polars xlO). 
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TABLE 2.2 	Partial analyses and CIPW norms of Pieria 
Granodiorite samples 
Y237 Y241 Y251 Y261 Y289 Y341 
Si0 2 63.66 69.41 65.60 65.00 71.62 68.64 
Ti0 2 0.76 0.41 0.51 0.51 0.23 0.42 
A12 0 3 16.70 15.15 16.70 16.20 15.33 16.00 
FeO 5.10 2.79 3.63 3.38 1.94 3.02 
MgO 2.43 1.14 1.41 1.37 0.37 1.19 
CaO 4.85 3.13 3.65 3.66 3.57 3.43 
Na2 0 3.03 3.59 3.06 3.65 4.66 2.85 
K 2  0 3.00 2,60 3.47 3.21 1.90 3.41 
99.53 98.22 98.03 96.98 99.62 98.96 
Q 17.13 27.92 22.39 19.75 28.22 28.04 
or 17.81 15.80 20.92 19.56 11.27 20.34 
ab 25.76 31.25 26.41 31.85 39.58 24.34 
an 23.22 15.97 18.47 18.72 15.36 17.18 
di 0.80 - - - 2.08 - 
hy 13.83 7.49 9.52 9.05 3.05 7.89 
ii 1.45 0.80 0.99 1.00 0.44 0.81 
cor - 0.76 1.30 0.07 - 1.40 
Feldspar composition (%) 
or 26.67 25.08 31.79 27.89 17.02 32.88 
ab 38.57 49.58 40.14 45.41 59.78 39.35 
an 34.76 25.34 28.07 26.70 23.20 27.77 
Y237 	Valkanies River granodiorite, top of north valley 
side. 




Y289 	Kataphyion River protomylonite, river bed. 
Y341 	Kataphygion protomylonite, road cut on Scouliari- 
Dhaskion new road, 5km north of Kataphygion. 
Y241 	is referred to as RC998 in Yarwood and Aftalion, 
1976. 
Y341 	is referred to as RC999 in Yarwood. and Aftalion, 
1976. 
Elements were determined with standard X-ray fluorescence 
techniques, with the exception of sodium which was 
determined by the flame photometer method. 
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ions of the feldspars in the C.I.P.W. norms confirms the 
modal classification of the rock as a granodiorite. 
The other rock types of the unit with similar textures 
have essentially similar mineralogy, but pale green pleo-
chroic hornblende may occur with or instead of biotite 
(Plate 2.39), and the alkali feldspars may not appear as 
large phenocrysts but as grains similar in size to the 
quartz and plagioclase. There are numerous heterogeneous 
patches with concentrations of dark minerals (Plate 2.40) 
which strongly suggest assimilation of material from an 
earlier phase of the original granodiorite intrusive episode. 
As well as the unfoliated rock-types, there are 
extensive developments within the granodiorite of deformation 
zones in which the dominant rock-type is a protomylonitic 
quartzo-feldspathic schist, though there is a range of 
textures from unfoliated granodiorite to protomylonites, 
and occasional layers of true mylonite. Partial whole 
rock analyses of two samples of this deformed granodiorite 
are given in Table 2.2. One of these samples, Y341, is 
essentially the same as the unfoliated granodiorite samples 
which were analysed, though the other (Y289) is depleted 
in iron, magnesium and potassium, and enriched in sodium. 
However, the depletion is no more than might be expected 
from the observed field variation of the granodiorite as 
a whole, and Y289 was presumably derived from a rather 
more sodic leucocratic part of the original granodiorite. 
The protomyloriites (Plate 2.41) have undergone total 
recrystallisation of both plagioclase and quartz. The 
Plate 259 	Pale biotite flakes embedded in darker 
hornblende, with sericitised plagioclase, 
quartz and alkali feldspar. Pieria 
Granodiorite, north slope of lower 
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Plate 2.41 	Proto-mylonite with banding of recrystallised 
quartz, plagioclase and muscovite with epidote. 
Pieria Granodiorite, north of Astrapokameni 
Petra (crossed polars, x15). (Y341). 
¶1 
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Plate 242 	Aplitic sheet intruded into Pieria 
Granodiorite. Road 1km south of Kataphygion. 
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foliation in these rocks is defined by white mica and 
epidote in elongate grains, and there are scattered flakes 
of greenish-brown biotite in the mica-epidote layers. 
Accessory minerals are sphene, apatite and zircon. The 
epidote occurs sometimes as overgrowths on small cores of 
allanite. The assemblage is thus:- 
quartz-plagioclase-white mica-epidote(±allanjte) 
-sphene-zircon. 
The unfoliated granodiorite is cut by numerous aplitic 
sheets (Plate 2.42) with a medium-grained quartz-feldspar 
lithology, with small amounts of biotite. Occasional 
pegmatitic sheets occur, with the same mineralogy as the 
aplites, but much coarser grain size. The pegmatites may 
contain large crystals of white mica instead of biotite. 
The sheets of both types vary in thickness from 1cm up to 
2m. 
In the deformed zones of the granodiorite, most of 
the aplite and pegmatite sheets have been rotated and 
flattened by the deformation to become parallel or sub-
parallel to the foliation (see Chapter 3). Some of the 
sheets have been tightly folded. There is no change in 
the mineralogy as a result of these deformations although 
the micas have been recrystallised in the plane of the 
foliation. 
In addition to the quartzo-feldspathic intrusive 
sheets, the whole of the Pieria and Kastania Granodiorites 
have been intruded by a suite of basic igneous rocks. 
These have been affected by the deformation and now occur 
as well-foliated amphibolitic layers in the deformed zones 
(Plate 2.43), or as dykes and sills in undeformed areas. 
Even where they are not deformed, these rocks have been 
recrystallised. There is a range of assemblages, as 
follows: - 
hornblende-garnet-plagioclase (Plate 2.44). 
hornblende-albite-epidote (or clino-zoisite)-
sphene+quartz (Plate 2.45). 
The units north of the Aliakmon River 
The structural succession and the lithologies of the 
units north of the Aliakmon are directly comparable with 
those to the south of the river. A system of north-east/ 
south-west trending faults running along the valley has 
displaced the contacts across the river and in the hill-
sides east of Mikri Santa. The Kriovrisi Mylonites at 
the base of the Kastania Granodiorite corresponding to 
the Dhaskion Mylonites are dipping north or north-east 
in this district. The top contact of the Mylonites is 
exposed on the banks of the Aliakmon River opposite the 
confluence of the Melissopetra River, and the contact 
appears higher and higher on the hillsides to the north 
until it is cut out by a fault which brings down the 
granodiorite about 1km south of Lefkopetra. These mylonites 
have the same mineralogy and textures as the Dhaskion 
Mylonites, and will not be described further. 
The Kastania Granodiorite overlying the Kriovrisi 
Mylonites displays the same lithologies and textures as 
the Pieria Granodiorite. It is in general overlain by 
Plate 2.43 	Foliated amphibolitic layer in deformed 
zone within Pieria Granodiorite. Top 
of Kataphygion to Velvendos bridle track. 
Plate 2.44 Hornblende-garnet-plagioclase assemblage of 
amphibolitic layer of Plate 2.43. (Crossed 
polars, x15). 
Plate 2.45 	Hornblende-albite-epidote assemblage of 
amphibolitic layer in Pieria Granodiorite. 
Kataphygion River (crossed polars, x15). 
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Plate 2.46 	Muscovite-chlorite-chloritoid at rim of 
large garnet. Asapi Schists, 300m north-
east of spring on track near Asapi summit 
(plane polarised light, x15). 
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the carbonate cover, except where the Asapi Schists (see 
below) are interposed. The Kastania Granodiorite has 
already been described. 
Asapi Schjsts 
These schists outcrop around the summit of the hill 
of Asapi, which lies 1km north-west of Mikri Santa. They 
lie conformably above the Kastania Granodiorite and below 
the carbonate cover. In hand specimen, they are pale brown 
mica schists with numerous scattered garnets up to 1cm in 
diameter. In thin section (Plate 2.46), white mica usually 
makes up over 50% of the rock, the mica flakes being well-
oriented and in some specimens showing a crenulation of 
the primary schistosity which amounts to a crenulation 
cleavage. The quartz forms layers or lens-shaped patches 
of recrystallised aggregates between the mica foliation 
planes. The garnets are euhedral, much fractured and 
altered along the fractures to chlorite and opaque ores. 
The foliation passes round the garnets, and pressure 
shadows of quartz and chlorite are developed. Chlorite 
also occurs intergrown with the white mica in the foliation. 
Chioritoid is common, as elongate euhedral porphyroblasts 
with transverse fractures. Where a crenulation cleavage 
is present, it deforms the chiLoritoid. In one specimen, 
a nodule 2cm long of fine-grained tourmaline is present. 
The assemblages of these schists are thus:- 
white mica-quartz-chlorite-garnet-i-ch1oritoid± 
tourmaline. 
This lithology is described by Godfriaux (1970, pp. 
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82 and 171) as containing a sodic amphibole which he 
identifies as arfvedsonite or riebecki -te. From the 
properties listed (op. cit., P. 171), the mineral appears 
to be chloritoid, and not an amphibole. 
Asprolefka Glaucophane Schists 
The boundaries of this unit are not defined on the 
map, and consequently the unit does not appear on the 
stratigraphic columns of Figure 2.2. The justification 
for describing these rocks as part of a separate unit 
rests on their distinctive mineralogy. The unit outcrops 
on the east flanks of the Pappa Horafia ridge. The area 
is thickly forested, and this makes mapping of the unit 
boundaries impossible with any degree of accuracy. 
In hand specimen, the rock is a pale whitish grey 
mica schist with fine elongate prisms of amphibole and 
weathered-out ore minerals. In thin section (Plate 2.47), 
the well-developed planar fabric is defined by white mica 
and glaucophane prisms. There are elongate recrystallised 
quartz aggregates, with patches of plagioclase also in 
recrystallised aggregates within the quartz areas. The 
opaque minerals have euiaedral rectangular form with well- 
developed pressure fringes. Numerous small anhedral opaque 
grains are present as well as accessory sphene. In some 
specimens, the amphibole shows a greenish tinge in the 
slow ray direction, and it is then associated with epidote 
and apatite. The assemblages of this unit are:- 
white mica-glaucophane-quartz-plagioclase-sphene- 
opaques±epidote+apatite. 
Centimetre-scale folding of the primary fabric is 
L 
Plate 2.47 	Elongate prisms of glaucophane in a 
muscovite-quartz-plagioclase matrix. 
Asprolefka Glaucophane Schists, track 
on south-east flank of Pappa Horafia 
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Ilate 2.48 	Flagioclase, quartz and alkali feldspar 
• in proto-mylonite. Schist band at base 
of carbonate cover, Kakaloma River track 
at Ritini (crossed polars, x15). 
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present in some specimens, and in thin section rnicrofolding 
of the glaucophane fabric can be seen. 
The carbonate cover 
This unit forms a continuous outcrop from the southern 
summits of the Vermion Mountains in the north along the 
east of the area to the Kakaloma River, west of Ritini. 
Along the eastern slopes of Vermion and Pieria, the rocks 
have a steady dip which changes gradually from northwards 
at Lefkopetra to eastwards at Ritini. There are numerous 
outliers of this unit on the eastern ridges of the Pieria, 
as well as on the north side of the Aliakmon gorge near 
Lefkopetra, and at Paliokastro (Dhaskion). South of Ritini, 
the unit is concealed by unconsolidated Quaternary sedi-
ments, except for small badly exposed outliers from Vria 
to Karia and a larger outlier of 5sq km on the ridge of 
Kteni. 
The basal contact transgresses the contacts between 
the other units in the area, particularly the basal contact 
of the granodiorite upon the underlying mylonites (see 
Chapter 3). 
The principal rock type is a coarse white recrystallised 
marble which may be quite pure or have white mica flakes in 
the foliation. Dolomitic layers are rare. The base of the 
unit is characterised at several localities by an inter-
calated schist band within lOm of the base. This is present 
at Paliokastro, west of Ritini, and at the western end of 
the Kteni outlier. The band varies in thickness from 15m 
at paliokastro to 2 or 3m at Ritini. 
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The schist band has a protomylonitic texture (Plate 
2.48), and in some layers the matrix is fine-grained 
calcite whilst in others it is recrystallised quartz. 
The porphyroblas -ts are of plagioclase, quartz and alkali 
feldspar. A phengitic mica and chlorite are present in 
a neomineralisation texture between the porphyroblasts. 
Scattered opaque grains are present. 
Adjacent areas 
The mapping was not extended beyond the carbonate 
cover outcrops. The eastern boundary of the carbonate 
is not therefore defined in this study. Casual investigation 
suggests however that although the "greenstones (cp)" mapped 
by Godfriaux (1970) are indeed present to the east of the 
carbonate cover, their boundaries may differ considerably 
from those which he described, especially in the area 




The earlier description of the Pieria Mountains 
(Godfriaux, 1970) suggested that the Pieria Granodiorite 
(Flambouron Granite) occupied the core of an anticlinal 
structure in the surrounding schists. As I have described 
in the Introduction (Chapter 1) and in the preceding 
chapter, my own observations point to the fundamentally 
different conclusion that the granodiorite is a thrust 
mass at a high structural level within this part of the 
Pelagonian zone. In addition, the work described here 
taken with that of Nance (1976) shows that the Pieria 
Mountains, which lie structurally above the Livadi-Mavroneri 
ultramafic bodies, are allochthonous. The evidence from 
the Olympos area indicates further that the whole of the 
metamorphic complex of the Pelagonian zone in north Thessaly 
is also allochthonous (Godfriaux, 1970; Barton, 1975a, 1975b, 
1976). 
This chapter describes in detail the structures within 
individual thrust sheets, the relations between the granod-
iorite and the lower thrust sheets of the Mavroneri Valley, 
and the nature of the contact at the base of the carbonate 
cover. 
In order to elucidate the structural history of the 
region, I have studied three principal areas in detail. 
These are (see Figures 1.2 and 1.3):- 
The upper Mavroneri Valley. 
The valleys of the Valkanies and Kataphygion Rivers. 
The Dhaskion area. 
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A limited amount of structural data was also recorded 
from the Mikri Santa-Lefkopetra hillside. These are areas 
of good exposure, and I have linked them by reconnaissance 
of the intervening ground. The major and minor structures 
of the areas will now be described. The terminology used 
in describing folds is that proposed by Fleuty (1964). 
The orientation data for the structural elements are 
presented in lower hemisphere equal area stereographic 
projection, and the considerations used and methods of 
computing the mean axes (for bipolar plots) and "best-fit" 
great circles (for girdle distributions) are described in 
Appendix 1. 
Upper Mavroneri Valley 
The mapping has shown (see Chapter 2) that there is 
a series of major thrust surfaces along the Mavroneri 
Valley. All these thrust surfaces dip regularly northward 
at 25 to 35 degrees. They lie above and below the ultra-
mafic bodies (Nance, 1976), at the base of the Mavroneri 
Augen Schists, and above and below the Quartzite-Pelite 
Unit (Figure 3.1). There are several lines of evidence 
suggesting that the Granodiorite and its derived augen 
schists are a major thrust mass. These are:- 
The complete absence of any intrusive relations between 
the augen schists derived from the Pieria Granodiorite 
(see Chapter 2) and the under-lying schists and the 
high structural position of the granodiorite suggests 
that this boundary is indeed a thrust. 
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Figure 3.1 Section of N. side of Mavronerj Valley 
- 35 - 
of a pluton may be discounted because of the absence 
of any contact metamorphic assemblages in the under-
lying rocks. The highest grade of contact assemblages 
would have been preserved under the relatively low 
grade of regional metamorphism seen in the area. 
The possibility that the contact is an inverted 
sequence originally at the top of a pluton would 
imply that the whole of the Pieria Mountains are an 
overturned sheet. There is no evidence whatsoever 
that this is the case and such a structure would 
imply an overturned nappe of regional dimensions. 
The textural and petrological identity of the Upper 
and Lower Mavroneri Augen Schists argues strongly 
that the latter is derived from the Pieria Granodiorite, 
as the Upper Mavroneri Augen Schist demonstrably is. 
The meta-sedimentary nature of the Quartzite-Pelite 
Unit within the Augen Schists suggests that the 
contacts are also low angle thrusts. There may also 
be thrust surfaces bounding the Mavroneri Meta-syenite, 
since these contacts also lack intrusive relations 
and contact effects. 
The principal foliation in all the Mavroneri rocks 
above the ultramafic bodies is a schistosity defined by 
segregated layering of the metamorphic minerals. Except 
where affected by later deformations, the foliation is 
parallel or sub-parallel to the major thrust planes. The 
mean dip of the foliation is at 30 towards 350. Associated 
with this schistosity are tight to isoclinal similar folds 
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to which the schistosity is axial planar. The amplitude 
of the folds varies from a few centimetres to a metre. 
They are only sporadically developed and are not seen at 
all in the Mavroneri Meta-syenite. The axes are plotted 
in Figure 3.2a, from which it can be seen that they form 
a bipolar distribution with a maximum plunging gently 
east-north-east at 4 towards 076. The poles to the axial 
planes of these folds also have a bipolar distribution, 
with a maximum plunging 63 towards 168. 
The primary schistosity is itself folded into tight 
to close similar folds (Plate 3.1) and this folding is 
thus a later phase than that which produced the primary 
schistosity. The folding is due to the second deformation 
phase which affects the rocks. These folds are essentially 
coaxial with the earlier linear structure, and have a 
bipolar distribution with a maximum plunging 2 to 080 
(Figure 3.2b). The poles to the axial planes are dispersed 
somewhat on a girdle with its pole close to the maximum of 
the axis distribution, at 15 to 075 as a result of the 
rather variable tightness of the folds in varying lithologies. 
The coaxial nature of these first two fold phases makes it 
difficult to decide whether the prominent lineations 
developed in the rocks are associated with the first or 
the second deformation. 
There are three types of lineation, one manifested 
by mineral growth (especially of amphiboles and micas), 
one by a stretching of large feldspar crystals, and one 
by the intersection of the primary schistosity and an 
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Plunges of kink bands on 
primary foliation - 38 
Figure 3.2 Structural data for Movroneri Valley. 














Plate 3.1 	Second phase fold of primary schistosity. 
L. Mavroneri Augen Schists, track above 
Aghios Nikolaos, Mavroneri (block originally 
in situ). 
$ 	 V log 
Ale !?f 1 
a 
v4 	•r 
Plate 32 	Microfolds of second phase, folding primary 
foliation defined by micas with significant 
second phase recrystallisation. Mavroneri 
Mylonites, Barioi River lower track (plane 
polarised light, xlO). 
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incipient creriulation cleavage associated with the second 
deformation. All these lineations have similar orientations, 
as is shown by Figure 3.2c, and collectively they have a 
bipolar distribution with a maximum plunging 2 towards 077. 
Thin sections of the amphibolitic and pelitic rocks show 
that where second phase micro-folds of the primary schist-
osity have formed, there is no new mineral growth apart 
from some recrystallisation of the quartz. The amphibole 
or mica fabric as well as individual grains are often bent 
by the second deformation (Plate 3.2). It thus seems probable 
that the mineral and stretching lineations are associated 
with the first deformation, and only the intersection 
lineation is produced during the second phase. 
Neither generation of folds shows a consistent sense 
of asymmetry which might imply the presence of major fold 
limbs in the area. The difficulty of determining whether 
a particular asymmetric fold is on the same planar limb 
of a lower order fold as any other fold renders impossible 
the use of a Hansen plot (Hansen, 1966) to determine the 
transport direction of the thrust sheets. In any case, 
the axes do not form a girdle distribution, so that the 
concept of a separation angle which could be bisected to 
determine the tectonic vector is not applicable to the 
data. 
A third phase of folding can be seen in a few 
localities. These folds are concentric close to open 
folds, and they occur in the coarser lithologies. The 
folds plunge at low angles to east or west and have vertical 
or sub-vertical axial planes. 
A fourth deformation in the Mavroneri Valley is 
represented by the development of kink bands on the primary 
schistosity surfaces (Plate 3.3). The kink bands occur in 
conjugate sets, the planes of the banding being vertical 
and the direction of the two sets differing by less than 
15 degrees. These are plotted in Figure 3.2d without 
differentiating between the sets, and have a maximum 
plunging north-north-west at 22 towards 337. 
Valkanjes and Kataphygion River Valleys 
This area lies wholly within the Pieria Granodiorite. 
It is characterised by zones of flattened and mylonitised 
granitic rocks within undeformed granodiorite. Arnphibolitic 
layers are common, though subordinate, and there are numerous 
aplitic sheets. 
The principal foliation in this area is clearly the 
result of a strong flattening in the zones. The foliation 
is defined by syndeformational metamorphic layering with 
white mica-rich layers alternating with quartzo-feldspathic 
layers. Large alkali feldspar crystals which were original 
phenocrysts of the granodiorite are preserved as augen and 
the foliation passes round these augen (Plate 3.4). The 
augen are streaked out in the areas where the flattening 
has been most intense (Plate 3.5). The attitude of the 
primary layering is somewhat variable as a result of later 
folding, but the dominant dip is at low angles (10 to 30 
degrees) towards the north-east quadrant, with a mean dip 
of 22 towards 036 (Figure 3.5). 
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Plate 3.3 Fourth phase kink banding on primary 
foliation surfaces (parallel to arrow). 
Mavroneri Ainphibolites, Skotina. 
Plate 3.4 	Primary 
foliation passing 
round augen in L. 
Mavroneri .Augen Schists. 
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Plate 3.5 	Mylonitised augen schist with augen 
streaked out into very elongated patches. 
Pieria Granodiorite deformation zone, 
Kataphygion River. 
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Plate 3.6 	Aplitic sheets rotated into parallelism 
with the primary foliation by high 
compressional strain normal to the foliation. 
Location as Plate 3.5. 
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The aplitic sheets have thicknesses ranging from 
1cm up to 2m. Where these sheets were initially at a 
high angle to the principal stress direction, they have 
been rotated to become parallel (Plate 3.6) or sub-parallel 
(Plate 3.7) to the principal foliation in the areas of 
greatest strain. Where the sheets were initially at an 
angle close to the principal stress direction, they have 
been folded into tight to isoclinal similar folds (Plate 
3.8) or ptygrnatic folds (Plate 3.9) to which the foliation 
is axial planar. Boudinage of the sheets has not occurred, 
presumably because of the low viscosity contrast between 
the granodiorite and the aplites, both of which are 
essentially quartzo-feldspathic. 
The amphibolitic layers vary in thickness from a few 
centimetres up to lOm. Like the aplites, they are folded 
where the layers were originally oriented close to the 
principal stress direction, into a tight chevron fold style 
(Plate 3.10). The strong viscosity contrast between these 
rocks and the granitic material has resulted in boudinage 
where the principal stress direction was more nearly normal 
to the layer. The boudins are tens of metres in length in 
the thicker layers. 
The orientations of the first fold axes are shown in 
Figure 3.3a. The axes form a girdle with mean pole plunging 
78 towards 255, and a maximum plunging gently between east-
north-east and east-south-east. The poles to the axial 
planes of these folds have a bipolar distribution the 
maximum of which is very close to the mean pole of the 
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Figure 3.3 Structural data for Valkanies-Kafaphygion area. 
Dashed lines are cones at 95% confidence level about ;. 
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Plate 3.7 	Aplitic sheets rotated into sub-parallelism 
with the primary foliation by moderate 
compressional strain normal to the foliation. 
Pieria Granodiorite deformation zone, 
Kataphygion River. 
am 




ilate 3 	Isoclinal primary fold of aplitic layer 
in high strain part of Pieria Granodiorite 
deformation zone. Location as Plate 3.7. 
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Plate 3.9 	Ptygmatic 
Primary fold of aplitic 
layer in mylonitised 
Pieria Granodiorite, 
with low layer/matrix 
Viscosity contrast. 
North side of lower 
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Plate 3.10 Primary chevron folding in thick amphibolite 
layer within Pieria Granodiorite. Road 1km 
south of Kataphygion. 
- 40 - 
girdle (Figure 3.3a). The dispersion of the axes to form 
a girdle is attributable to the fact that the aplitic and 
dolerjtjc sheets (which are the only surfaces showing 
folding in the otherwise homogeneous granodiorite) were 
originally in a variety of orientations with respect to 
the principal strain directions. 
As in the Mavroneri Valley, the first schistosity 
is folded by a second deformation phase. This produced 
close to tight similar folds of the metamorphic layering 
(Plate 3.11), and of the aplitic sheets in the deformation 
zones (Plate 3.12). The axes of these folds form a bipolar 
distribution with a maximum plunging east-north-east at 18 
towards 057 (Figure 3.3b). They are slightly dispersed 
by a third deformation phase but not so as to form a girdle. 
In the hinge zones of the second folds, an axial plane 
cleavage is developed (Plate 3.13). This takes the form 
of a crenulation cleavage in the coarser lithologies, and 
a penetrative cleavage in the amphibolitic layers. The 
poles to this second cleavage and to the axial planes of 
the second folds are plotted in Figure 3.3b, and the mean 
dip of the axial planes is north-north-east at 23 towards 
030. 
A third deformation produced gentle folds of the 
primary schistosity on axes plunging approximately north-
east at low angles (10 to 20 degrees). These folds have 
a wavelength of lOOm or more and are identified from the 
mapping of the attitude of the primary schistosi -ty. They 
have vertical or sub-vertical axial planes. 
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Plate 3.11 	Second phase folding of primary foliation 
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Plate 3.12 	Second phase folding of aplitic sheets in 
Pieria Granodjorjte deformation zone. 
Road 1. 5km south of Kataphygion. 
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Plate 3.13 	Crgnulation cleavage developed in axial 
planes of second phase folds. Pieria 
Granodiorite deformation zone, on road 
1.5km south of Kataphygion. 
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Plate 3.14 	Tight first phase folds with axial planar 
mylonitic foliation. Dhaskion Mylonites, 
track north of Aghios Athanasios, Paliokastro. 
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Late kink bands on the foliation surfaces also occur 
sporadically, affecting only the finer-grained rocks, in 
a similar orientation to those in the Mavroneri Valley. 
A prominent mineral lineation is developed throughout 
the area, with a bipolar distribution having a mean ea-
wards plunge of 13 towards 094 (Figure 3.3c). The lineation 
is formed by alignment of amphiboles in meta-basic rocks, 
and by alignment of metamorphic micas and the stretching 
of premetamorphic igneous feldspars in meta-granitic rocks 
and thus is not an intersection lineation formed by the 
intersection of the first and second foliation planes. 
The intersection of the mean planes of the first and second 
foliations is a line plunging north-east at 22 towards 038, 
quite distinct from the easterly plunge of the lineation 
in this area, and the lineation is thus not a second phase 
structure. However, the planes defining this intersection 
are very nearly parallel, and there may be a large uncertainty 
(-i-20 degrees) in the azimuth of the intersection. 
The close association of the lineation with the align-
ment of the metamorphic minerals defining the primary fabric 
indicates that the lineation was formed during the first 
deformation phase. The lineation measurements were taken 
on primary foliation surfaces on the major limbs of second 
phase folds. The minor limbs of second folds rarely have 
exposed surfaces, and where they do, the primary foliation 
is obliterated by the development of the second schistosity. 
The observed lineation distribution thus appears to be 
unitnodal, rather than bimodal as would be theoretically 
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expected for lineations on folded surfaces. The maximum 
of the distribution may thus be taken as the original 
lineation direction, after allowing for any regional or 
large scale folding. The slight scatter of the lineation 
directions may be attributed to sinuosity of the second 
fold hinges (i.e. the b-direction of intermediate strain). 
This sinuosity is itself demonstrated by the slight scatter 
of the second fold axes. 
The distribution of the lineations is comparable with 
that of the first fold axes, which may likewise be accounted 
for by a similar explanation. This would thus suggest that 
the lineation is formed parallel to the direction of maximum 
extension within the first foliation planes, and to the axial 
direction of the first folds. 
The deformation zones have a very complex internal 
structure, the details of which are well illustrated in 
the road section 1km south of Kataphygion. Here intensely 
flattened quartzo-feldspathic layers with minor amphibolites 
have a more or less consistent north-easterly dip of about 
20 degrees with minor second folds plunging 20 degrees north-
east which are overturned to the south-east. The width of 
the zone normal to the layering is about 200m, and it is 
bounded above and below by unfoliated granodiorite. The 
northward extension of the zone is exposed in the east side 
of the valley of the Kataphygion River, above the footbridge 
on the old track from Kataphygion to Velvendos. The passage 
into the deformed zone is transitional, the increase in 
deformation being seen in the reduction of grain-size to 
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form proto-mylonitic or even mylonitic textures, increasing 
parallelism of aplitic sheets, and the development of first 
and second minor folds and the lineation described above. 
The deformation zone can be traced northwards to the 
Valkanies River valley, where it is seen in the outcrops 
in the lower 250rn of the north side of the valley. In 
this area, the structures are the same as those from the 
road section described above. The mapping has shown that 
most of the minor folds in both areas are Z folds, plunging 
gently north-east and overturned to the south-east. However, 
in the transition zone to granodiorite in the Valkanies hill-
side, there are indications of a systematic change to S folds 
before the deformation dies away into unfoliated granodiorite. 
A possible interpretation of these relationships is that 
recumbent second phase folds overturned to the south-east 
are contained within the deformation zones. The bimodal 
distribution of the lineations which would result from such 
a structure is absent, suggesting that any such recumbent 
folds are not developed on a significant scale. However, 
the lineations could have been rotated into parallelism 
with the second fold axes under the strain regime discussed 
above, in which the maximum extension direction was parallel 
to the second fold axes. 
The close association of the first, second and third 
deformations in the zones within unfoliated granodiorite 
suggests that the deformation zones, once formed, became 
zones of weakness in which second and third deformation 
episodes had the strongest effects. 
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Dhaskion area 
This area includes the northern slopes of the High 
Pieria from the summits down to the Aliakmon River. The 
contact between the Pieria Granodiorite and the under-
lying Dhaskion Mylonites can be traced from the Aliakmon 
gorge north of Polyfiton eastwards to the summit ridge at 
Pappa Horafia. A series of north-east/south-west high 
angle faults with downthrow to the north-west causes the 
contact to be repeated in the mountain side. 
The primary foliation in this area dips gently to 
the south-west with a mean dip of 10 towards 200 (Figure 
3.5). 
Folds to which the mylonitic foliation is axial planar 
are rare and only five were observed. These are tight to 
isoclinal asymmetric folds of small amplitude (5 to 20cm) 
which fold the compositional layering (see Chapter 2) in 
the niylonites (Plates 3.14, 3.15). The fold axes plunge 
at low angles (less than 20 degrees) towards the north-east 
and south-east quadrants. Any inference of mean orientation 
from this data would be invalidated by the small sample 
size. 
Folds of the mylonitic foliation are characterised 
as second folds. They have a tight similar fold style, 
with amplitudes ranging from 10cm up to lm (Plate 3.16). 
The data are plotted in Figure 3.4a; the axes form a 
girdle dipping gently south with mean pole plunging 78 to 
000, and the poles to the axial planes have a bipolar 
distribution with mean pole 84 to 320. 




.• axes - 19 
00 poles to axial planes - 11  
N 
Lineations - 60 
Mikri Santa 	 N 
Second folds 
axes - 23 
00 poles to axial planes - 11 
N 
Figure 34 Structural data for Dhaskion 
and Mikri Santa areas. 
Dashed lines are cones at 95% confidence level about t, and t,. 
' 
	
Plate 3.15 	First phase microfolds with incipient 
axial planar niylonitic foliation. 
Dhaskion Mylonites, track north of 
Aghios Athanasios, Paliokastro 
(crossed polars, xlO). 
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Plate 3.16 	Second phase folds of the mylonitic 
foliation with weak axial planar 
crenulation second cleavage. Pieria 
G-ranodiorite, Dhaskion to Polyfiton 
road, 1km west of Dhaskion. 
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The mapping shows that there is a large gentle fold 
with a wavelength of about 500m and near-vertical axial 
plane trending north-north-west, plunging gently south-
south-east immediately west of the hill of Paliokastro. 
This is assigned to a third fold phase. 
A mineral lineation is present in many of the rocks 
of the Dhaskion area, with a well-defined bipolar distribut-
ion plunging south of east at 2 towards 106 (Figure 3.4b). 
The lineation is defined by a preferred orientation of 
amphiboles, mica flakes and of other elongate minerals. 
This direction is quite distinct from the intersection of 
the means of the first and second foliation planes, and 
the intersection plunges gently south-east, at 6 towards 
142. Similar arguments apply to this distribution as were 
advanced for the Kataphygion area lineation, and the 
lineation is thus interpreted to be a first phase structure. 
As at Kataphygion, aplitic sheets are present in the 
granodiorite (Plate 3.17), and these become more nearly 
parallel to the foliation nearer to the contact with the 
mylonites. 
Mjkri Santa area 
The contact between the Kastania Granodiorite and 
the Kriovrisi Mylonites is exposed in the hillside between 
the villages of Mikri Santa and Lefkopetra. The contact 
surface dips gently north, with a mean dip of 15 towards 
000, and the outcrop runs gradually up the hillside until 
it is cut out by a major fault which brings down the 
granodiorite to the north. This area was not mapped in 
'r 	 • 
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Plate 3.17 	Aplitic sheets in unfoliated Pieria 
Granodiorite. Tranos Lakkos River 
upper track, Dhaskion. 
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detail, but the structural elements are closely comparable 
in style with those at Dhaskion. 
The primary foliation is well-developed in the 
Kriovrisi Mylonites, but dies out rapidly above the 
granodiorite-mylonite contact. The thickness of foliated 
granodiorite at the base of the Kastania Granodiorite is 
here quite small, as at Dhaskion, and does not exceed 50m. 
The primary foliation dips gently north with a mean attitude 
of 16 toward 000 (Figure 3.5). 
Only two folds associated with the development of 
the primary foliation were observed. The foliation is 
axial planar to these folds, and they have axes plunging 
at low angles to the north-west and south-west. They are 
tight similar folds with amplitudes of around 20cm. 
Folds of the primary foliation are interpreted as 
later than the first fold phase. These are of a tight 
to isoclinal similar fold style, with amplitudes ranging 
from 10 to 50cms. The data for these folds are plotted 
in Figure 3.4c; the fold axes form a girdle dipping north-
wards at 27 degrees with a mean pole plunging 63 to 178, 
and the poles to the axial planes form a bipolar distribution 
with mean direction 66 towards 196. A weak crenulation 
cleavage is developed parallel to the foliation. 
A mineral lineation is again present, formed by a 
preferred orientation of amphiboles, mica flakes and other 
elongate minerals, and interpreted again as a first phase 
structure. This has a bipolar distribution with a mean 
plunge of 10 towards 060 (Figure 3.4d). Although there 
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are fewer data points for this lineation, its orientation 
does not appear to show the effects of the second fold 
phase, and its direction is distinct from the intersection 
of the mean planes of the first and second foliations, 
which plunge 8 towards 304 (Figure 3.5). 
Summary of structural elements 
The orientations of the structural elements are 
summarised in Figure 3.5. No obvious systematic relation-
ship exists between the orientations in the different areas. 
In the Mavroneri Valley, both first and second fold axes 
form co-axial distributions. At Kataphygion, the first 
fold axes are scattered on a girdle with a mean pole related 
to the first fold phase. This scattering is the result of 
the originally scattered orientations of the planar elements 
which were folded. The second fold axes are weakly scattered 
at Kataphygion, but are well dispersed on girdles at Dhaskion 
and Mikri Santa, as a consequence of the variable angles 
between the axial planes of the folds and the first foliation 
which is being folded. The third phase has produced no 
scattering of the earlier phases in the Mavroneri Valley, 
since all three are co-axial. At Kataphygion, the axes 
of the third fold episode trend north-east and the episode 
would thus have little or no effect on the earlier elements 
which are of a similar orientation. At Dhaskion, the open, 
upright third phase fold observed west of the hill of 
Paliokastro affects only a small part of the area and the 
distributions of the earlier elements are thus not radically 
altered by the fold. 
Second fold axes and oxiol planes 
Lineations 
Intersections of first and second foliations 
Third fold axes 
rZ 
Plunge of primary foliation First fold axes 
and axx,I planes 
Figure 3.5 Summary of structural elements 
M -Mavroneri 
K - Kataphygion 
D - Dhask ion 
MS - Mikri Santa 
The lineations in all areas have a strongly bipolar 
distribution, oriented with gentle plunges between north-
east and south-east. The lineations are first episode 
structures not directly related to the second and later 
phase structural elements, being distinct from the inter-
section directions of the first and second foliations 
(Figure 3.5), and from the second and third fold axis 
distributions where these are bipolar. However, at Bhaskion 
and Mikri Santa the lineation lies within the girdle of the 
second fold axes. 
The basal contact of the Pieria Granodiorite 
The basal contact of the Pieria Granodiorite is 
exposed in three separate areas, in the Mavroneri valley, 
at Dhaskion, and between Mikri Santa and Lefkopetra. As 
already described, in each of these areas the contact dips 
at between 10 and 35 degrees beneath the G-ranodiorite. 
The contact is characterised in all the areas by a mylonite 
zone immediately beneath the Granodiorite (see Figure 2.2), 
and by protomylonitic textures within the base of the 
granodiorite body. In the Mavroneri valley, the contact 
dips northwards. In the Dhaskion area, it dips south-west. 
In the IVlikri Santa area it dips north-west. The contact 
is thus synforrnal with a west-south-west/east-north-east 
axis beneath the Pieria, and antiformal on an east-west 
axis in the vicinity of the Aliakmon valley. 
The basal contact in the Mavroneri Valley is placed 
between the Mavroneri Mylonites and the Lower Mavroneri 
Augen Schists, for reasons explained in Chapter 2. At 
the basal contact the primary foliation is conformable 
with the contact. The intense flattening deformation 
indicated by the nature of this primary foliation extends 
upwards from the basal contact through 600m, affecting 
the Lower Mavroneri Augen Schist, the Quartzite-Pelite 
Unit, and the Upper Mavroneri Augen Schist, and only dies 
out at the transitional contact at the base of the Pieria 
Granodiorite sensu stricto. 
At Dhaskion, the contact surface is conformable with 
the primary foliation, with a mean dip in the immediate 
vicinity of the contact of 10 to 20 degrees to the south-
west. The nature of the flattening above and below the 
contact is strikingly different from that seen in the 
Mavroneri Valley. The extensive development of the foli-
ation in the granodiorite which gave rise to the Mavroneri 
Augen Schists (over 1000m thick) is at ]Jhaskion restricted 
to a narrow zone of less than 50m. The contact relations 
are fairly well exposed in the sides of the valley of the 
Tranos Lakkos River, 500m east of Dhaskion. Here banded 
quartzo-feldspathic mylonites at the base of the Pieria 
Granodiorite overlie banded amphibolites of the Dhaskion 
Mylonites. The layering dips to the south-west with a 
mean dip of 11 towards 204. Immediately beneath the 
contact, a large mass of compact well-foliated amphibolite 
occurs in a lensoid body some 150m long and 20m thick 
within the banded amphibolitic mylonites. From its form 
and lack of lateral continuity, I interpret this to be a 
large boudin in the high strain region of the mylonites. 
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The quartzo-feldspathic mylonites pass upwards into 
unfoliated granodiorite above a water channel about 50rn 
above the -top surface of the boudin. 
The basal con -tact on the Mikri Santa-Lefkopetra hill-
side shows the same range of features as the contact in 
the area around Dhaskion. 
Two areas on the east side of the Pieria show that 
here also amphibolitic schists underlie the granodiorite. 
These areas are 1km north of Karia, and 1.5km south-west 
of Elatohorion (in the valley of the Karanikos River). 
The basal contact of the granodiorite thus appears 
to be synformal beneath the Pieria, and is the location 
of a large amount of strain. I have already interpreted 
the field relations as showing that the granodiorite is 
a high level thrust sheet emplaced in its present position 
after the magma had solidified (Yarwood and Aftalion, 1976). 
The arguments proposed there are restated below. 
	
"1. 	Obvious igneous intrusive contact relations between 
the granodiorite and the meta-sediments are absent. 
For example, there are no pegmatite or aplite sheets 
in the meta-sediments. 
There are no relics of a contact metamorphism of the 
meta-sediments, which might be expected to be partly 
preserved at the relatively low grade of regional 
metamorphism now shown by these rocks. 
If the synformal basal contact of the granodicrite 
were the original intrusive contact with country rocks, 
the first deformation fabric might reasonably be 
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expected to be related to the mechanisms of intrusion 
and thus to be similar in style and extent at both 
north and south margins. However, as previously 
described, there is strong asymmetry in the deformation 
between the two areas. 
The deformation zones within the granodiorite are 
inclined at low angles and may be interpreted as 
shear zones related to the postulated thrust plane 
situated at the base of the granodiorite. 
The two deformation phases observed within the 
granodiorite can be related (through fold style, 
fold axis orientation and related lineation orientation) 
to deformation phases observed in the underlying meta- 
sediments, indicating a close relationship both in 
space and time between fabrics in the two rock units. 
The mylonitic fabric appears to be co-eval with the 
earliest schistosity in the meta-sediments." 
The conformity of the attitude of the basal contact 
of the Pieria Granodiorite with the primary foliation in 
the rocks both above and below the contact indicates that 
the primary foliation was formed by the effects of emplace-
ment of the Granodioriteon the underlying rocks. 
In addition, more recent study (see Chapter 5) of 
the Rb-Sr isotopic ratios of material from the Lower 
Mavroneri Augen Schists and from protomylonites from 
deformation zones within the granodiorite has confirmed 
that the muscovite of the primary schistosity was formed 
120my ago, which is after the granodiorite crystallisation 
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age of 302--5my (Yarwood and Aftalion, 1976), indicated by 
U-Pb determinations on zircons (see Chapter 5). 
Basal contact of the Pieria allochthon 
The basal contact of the Pieria allochthon is exposed 
only along the Mavroneri Valley. The allochthon is defined 
as including all those units exposed in the Upper Mavroneri 
Valley which have a consistently north-dipping foliation 
and which lie structurally above the ultramafic rocks of 
the Livadi area. 
The basal contact of the allochthon is interpreted as 
a major low angle thrust (the Mavroneri Thrust - Nance, 1976) 
for the following reasons:- 
There is a marked difference between the orientation 
of the structural elements described by Nance (1976) 
from the rocks beneath the Mavroneri Amphibolites, and 
those from the Pieria rocks described in this chapter. 
The Livadi Schists are structurally much more complex 
than the units above the ultramafics, showing large-
scale interference structures between second and third 
fold phase structures (Nance, 1976), whereas the Pieria 
rocks have a monotonous gentle northerly dip (see 
Figure 3.6) with the elements of the deformation 
phases 1 to 3 in similar orientations. 
The discontinuous forms of the components of the 
Mavroneri, Fteri and West Mavroneri ultramafic bodies 
are strongly suggestive of tectonic thinning, especially 
since the constituent rocks of these masses are known 
to be very mobile in tectonic environments. 
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Figure 3.6 Strike lines in S. Pieria - Livadi (after 
Nance, 1976 and Yarwood and Dixon, 
1978) 
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3. 	Where the contact is exposed, the Mavroneri Amphibolites 
are intensely cleaved, giving rise to pencil lineations 
in the finer grained material and to rodding where 
quartzo-feldspathic layers are present, indicating 
that the rocks have been subjected to strong 
constrictional strain. These effects are limited 
to the rocks within lOm above the thrust plane. The 
orientation of the rodding and lineations is east- 
west with very low plunges (less than 10 degrees). 
Folds which can be unequivocally attributed to the 
effects of the thrusting are rare. Four folds in the road 
section 0.5km west of the Barioi River have sub-horizontal 
axes trending between north-east and east, have axial planes 
dipping north at up to 45 degrees, and are overturned to 
the north. No other folds were observed close to the thrust 
plane to clarify the question of the orientation of thrust-
related structures. Nance (1976) has reported folds over-
turned in a consistent (opposite) sense to the south which 
he interpreted as indicating a slip vector rising at 43 
degrees from almost due north (354 degrees). However, this 
report is based on only ten folds, and cannot therefore be 
regarded as statistically justifiable especially in view 
of the folds with opposite sense of overturn observed in 
the road section. It appears from the limited evidence 
that since the fold axes and rodding lie between north-
east and south-east the slip vector must lie between 
north-west and north-east, though the sense of motion 
cannot be established. Some weight is added to this 
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conclusion by the report by Nance of a small area of 
imbrication of the Plambouron Ultramafic Body (Upper 
Mavroneri Valley). The mean dip of the imbrication planes 
is 58 degrees to the north-north-west (341 degrees). The 
imbrication is attributed by Nance to differential move-
ment between the members of the ultramafic suite in response 
to the movement of the 1'1avroneri Thrust. There appears to 
be little reason however why the imbrications should not 
have been formed earlier during emplacement of the ultra-
maf Ic body upon the Livadi augen schists. 
The contact at the base of the carbonate cover 
As I have already described (see Chapter 2), the 
carbonate cover outcrops in Vermion along the eastern edge 
of the Pieria Mountains, and from north of Lefkopetra to 
the Kakaloma River, near Ritini, in the south. The contact 
displays a locally steady dip of around 30 degrees, the 
direction of which changes from northwards at Lefkopetra 
to eastwards at Kakaloma. In the southern summits of 
Vermion the carbonate extends across the whole of the high 
ground from Polymilos to Lefkopetra. The contact dips 
north from east of Kastania, but to the west is sub-
horizontal, taking a north-westerly dip towards Polymilos. 
The contact is thus in the shape of a dome in south Vermion. 
The contact itself is transgressive across the contacts 
between the other units of the Pieria and south Vermion. 
At Zoodhokos Pighi, the marble is underlain by a pelitic 
schist, and arcund the summit of Asapi, by the garnet-
chioritoid Asapi Schists. One of the marble outliers Skin 
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south of Lefkopetra transgresses the presumably faulted 
contact between the Kriovrisi Mylonites to the north-west 
and the Kastanja Granodiorite downfaulted to the south-
east. South-west of Sfikia, the marble lies directly on 
the Melissopetra Amphibolites though at Paliokastro the 
underlying rocks are the Dhaskion Mylonites. East of 
Pappa Horafia and south-west of Elatohorion the base of 
the marble transgresses the basal contact of the Pieria 
Granodiorite upon the underlying units. 
In most of the exposures of the contact however, the 
schistosity or proto-mylonitic foliation of the underlying 
rocks is identical in attitude with the contact and with 
the layering in the marble. Folds of the marble layering 
are not uncommon near the contact but because of the smooth 
weathered surface of the marble, their attitudes are 
impossible to measure. They are asymmetric tight to iso-
clinal minor folds with amplitudes of 10 to 50cm. 
The summit of Asapi consists of, a layer of marble 
about 250m thick, which dips north-east at 20 to 30 degrees 
beneath 300m of quartzo-feldspathic schist upon which lies 
the main mass of the marble. This schist is a deformed 
facies of the Kastania Granodiorite, and this implies 
overthrusting of the main body of marble and the schist 
upon the Asapi marble (see Figure 3.7). The contacts and 
the schist are poorly exposed, except in the road section 
on the Veria-Kozani road 5km north-east of Kastariia. Here 
the schist can be seen to be a quartzo-feldspathic proto-
mylonite with a very well-developed regularly dipping 
Figure 3.7 Section in S. Vermion 
Plate 3.18 	Carbonate cover (grey cliffs) with schist 
band (vegetated strip) on Dhaskion Mylonites 
(bottom left). Paliokastro, Dhaskion. 
hate . 19 	CarLonate 
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foliation. There is no perceptible increase in the 
intensity of the mylonitisation within the schist layer. 
Minor structures are rare, but a few tight to isoclinal 
folds of the foliation were observed, plunging 25 degrees 
to between north and north-east. A mineral lineation 
coincides with the axes of these folds. The thrust plane 
passes into the Vermion marbles to the west and into the 
augen schists and deformed granodiorites above the Kriovrisi 
Mylonites to the east, and cannot be traced in these 
relatively homogeneous rocks. 
The marble is markedly discordant on the underlying 
amphibolites on the north side of the Melissopetra River 
(Plate 3.19), and the foliation in the amphibolites in all 
the contact exposures between the River and Sfikia dips 
in a direction quite different from that of the marble. In 
one locality (in the east side of the side valley where the 
contact swings north-west away from the river) the contact 
appears to be definitely tectonic, with a lens of bedded 
marble caught up along the contact surface. 
The hill of Paliokastro (1km north of Dhaskion) is a 
mass of pure white recrystallised marble, with a schist 
band 15m thick within the marble about lOm above the base 
(Plate 3.18). The basal contact dips at 45 degrees to the 
north at the south-west end of the hill, but appears to be 
horizontal to the north-east (Figure 3.8). The contact is 
conformable with the foliation in the marble and the schist. 
Since the Dhaskion Mylonites to the west have a pronounced 
south-westerly dip on the other limb of the open third phase 
N SW 
Poliokastro 
Dhamosj 	 Aghios 








Figure 3.8 Section N. of Dhaskion 
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fold described above, and the foliation appears continuous 
from beneath the marble westwards to beneath the Pieria 
Granodiorite, the question arises of why the marble does 
not recur at the same structural level in the hill of 
Dhamasi. The possible explanations are:- 
The marble was formed by carbonate deposition in its 
present position on an eroded schist/granodiorite 
surface and was subsequently tectonised and 
metamorphosed. 
A major fault runs between Paliokastro and Dhamasi. 
The marble has been tectonically emplaced into its 
present position before, during or after metamorphism 
of the original carbonate sediment. 
The first possibility raises the following implications. 
The tectonisation and metamorphism of an in situ carbonate 
cover would be expected to cause imprinting of a new 
foliation on the pre-existing mylonitic foliation with the 
development of an intersection lineation where both foliations 
are present. An intersection lineation was not observed in 
the critical area, and there is no evidence that the foliation 
immediately beneath the marble is distinct from that beneath 
the granodiorite. In fact, the foliation can be traced 
continuously across the whole area. 
The second possibility can be discounted since the 
exposure is quite good in the critical area between 
Paliokastro and Dhamasi, in a traverse along a track leading 
down to the Aliakmon valley from Dhaskion. 
The third possibility appears to be the most likely. 
The base of the marble would then be interpreted as a 
thrust cutting up across the under-lying quartzo-feld-
spathic rocks, and locally beneath Paliokastro being 
parallel to the existing foliation in the rocks beneath 
the thrust. Although it is impossible to be certain of 
the condition of the carbonate at the time of thrusting, 
it is simplest to infer that the metamorphism and develop-
ment of the micas within the marble occurred during this 
episode. The marble foliation would thus also have 
developed at this time. 
It therefore seems reasonable to conclude that the 
foliation of the Paliokastro marble formed at the same 
time as the mylonitic foliation beneath the Pieria 
Granodiorite, or shortly after, during late thrusting in 
the same major tectonic episode. 
Along the eastern Pieria, the contact is mostly on 
quartzo-feldspathic schists of the Pieria Granodiorite, 
except in two places where it is on amphibolites (1km north 
of Karia, and 1.5km south-west of Elatohorion). In several 
localities, a band of quartzo-feldspathic schists up to 
lOm thick occurs within 10 to 15m of the base of the 
carbonate (see Chapter 2). This is analogous to the band 
of schist at the base of Paliokastro, and to the much larger 
schist band which overlies the Asapi Marble in south Vermion, 
and is thus also interpreted as being a thin tectonically 
incorporated slice. 
The interpretation of relations between the carbonate 
and the underlying rocks at Paliokastro is extended to the 
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whole of the carbonate on the east side of Vermion and 
the Pieria, by reasoning analogous to that set out above. 
The discordance of the underlying foliation in some areas 
(e.g. north of the 1'e1issopetra River) is in agreement 
with this interpretation. However the relationships 
described north-east of the hill of Asapi are compatible 
with the possibility that the carbonate cover of southern 
Vermjon and Asapi is essentially autochthonous, or possibly 
para-autochthonous, upon the Kastania and Pieria 
Granodiorites. The presence of the Asapi Schists and of 
the pelitic schist at Zoodhokos Pighi beneath the marble, 
neither of which are as strongly tectonised as the rocks 
beneath the marble in the Pieria, tends to confirm this 
possibility. 
Summary 
The structure of the Pieria Mountains and the southern 
slopes of Vermjon may be summarised as follows. 
All the rocks of the area are allochthonous, having 
been emplaced upon the Livadi ultramafic rocks and the 
Livadi Schists, probably during Tertiary times (see also 
Nance, 1976), and the Livadi rocks are themselves alloch-
thonous, having been emplaced with the circurn-Olympos 
thrust sheets upon the Olympos platform (see Chapter 6). 
The Pieria-Vermion allochthon is composed of a stack 
of thrust sheets 3km or more thick, with the lowermost 
sheets of varied sedimentary and igneous origins, and the 
uppermost a tectonised granodiorite. The crystallisation 
age of this granodiorite has been shown to be 302-4-5my 
.1 
(Yarwood and Aftalion, 1976), but the age of deposition 
or crystallisation of the rocks in the other thrust sheets 
is not known. The tectonisation of the granodiorite is 
shown by this study to have occurred in L. Cretaceous 
times, at about 120my (see Chapter 5). During this 
episode, the primary fabric of the deformed zones of the 
granodiorite was formed, and the structural correlations 
presented here show that the primary fabric of the other 
rocks of the allochthon was also formed at this time. 
The intimate relationship between this primary fabric and 
the major thrust planes within the allochthon is taken to 
imply that the deformation was associated with, and presumably 
the result of, the major thrusting. 
Only one other strong phase of deformation (the 
second) is found in the rocks of the area. Its close 
association with the first phase in the deformation zones 
of the granodiorite, the absence of related new metamorphic 
mineral assemblages (see Chapter 4), and of any evidence 
of resetting of the Rb-Sr isotopic systems of the minerals 
(see Chapter 5) of the primary fabric, all strongly suggest 
that the second deformation phase occurred during the L. 
Cretaceous. Similarly, the only reasonable explanation 
for the relationship between the Vermion/east Pieria 
carbonates and the subjacent schists and granodiorite is 
that thrusting occurred which resulted in the observed 
discordant relationships between the base of the carbonate 
and the contacts of units beneath the Pieria Granodiorite. 
The possibility discussed above that the marble is autoch- 
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thonous or para-autochthonous in Vermion dispenses with 
the necessity for postulating a thrust of regional 
dimensions beneath the marble. 
The third and fourth deformations in the Pieria are 
weak, and no definite time can be established for these 
events. From their orientations however, it might be 
reasonable to postulate that the third phase was the 
result of approximately north-south compression during 
emplacement of the Pieria allochthon upon the Livadi rocks, 
and that the kink-banding of the fourth phase seen in the 
Mavroneri rocks was related to westwards-directed thrusting 
in the Almopias zone rocks immediately to the east of the 
Pieria and of Vermion (see Chapter 6 for a discussion of 




All the rocks in the area studied have been subjected 
to metamorphism. The assemblages of minerals and textures 
in the rocks have already been described (see Chapters 2 
and 3). In this chapter, the following aspects of the 
metamorphism are considered:- 
The question of whether the assemblages represent 
equilibrium. 
The question of whether there is any variation in 
conditions of metamorphism across the area. 
The pressure and temperature conditions indicated 
by any equilibrium assemblages. 
From petrographic observations, it is clear that the 
rocks have been subjected to only one episode of metamorphism, 
and that this episode was essentially contemporaneous with 
the first phase of deformation. In nearly all the rock-
types, this episode produced the primary schistosity which 
is the result of the growth of white mica, epidote minerals, 
and less commonly other elongate minerals in the plane of 
the schistosity0 The fact that these minerals show no 
subsequent significant recrystallisation demonstrates that 
the rocks have suffered only one phase of metamorphism. 
The second deformation phase has had an insignificant effect 
on the mineral assemblage. The primary fabric is deformed, 
and slight recrystallisation of quartz fabrics has occurred 
in fold hinges to accommodate the folding. The primary micas 
are bent by this second episode without any trace of re- 
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crystallisation, showing neither retrograde nor prograde 
metamorphism. This observation is true for rocks of all 
the units in the area. 
There is evidence from the Dhaskion Mylonites that 
the metamorphic mineral growth continued somewhat beyond 
the peak of the deformation phase. The rnylonite fabric 
is overgrown by undeformed bioti•te, garnet and epidote. 
These minerals are not associated with any second meta-
morphism, since the primary mylonite fabric shows no sign 
of over-printing by a second event, nor is there any field 
evidence for a contact metamorphism. The closeness of the 
Dhaskion Mylonites to the basal thrust of the Pieria 
Granodiorite suggests that these minerals may have grown 
during the relaxation of an inverted thermal profile 
generated by the emplacement of the Granodiorite upon the 
IMylonites. The generation and relaxation of such profiles 
has been described by Graham and England (1976). Conditions 
for nucleation and growth of these minerals would be ideal 
in these mylonitic rocks in which individual very small 
grains would be present, and all reactant phases would 
have extremely high activities as a result of their small 
grain size. 
The Rb-Sr isotopic data reported in Chapter 5 indicate 
that the metamorphic minerals of the Pieria Granodiorite 
were formed in a single episode at about 120my ago. The 
fact that it is possible to plot a mineral isochron for 
these minerals is itself strong evidence that there has 
been only one metamorphic event in the area. A subsequent 
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episode to that recorded in the primary fabric could have 
been expected to have disturbed the isotopic systems so 
as to prevent the construction of a mineral isochron. 
Whilst evidence is presented below for the pressure 
and temperature conditions of metamorphism shown by the 
rocks 9 the nature of the assemblages is such that the 
metamorphism can be characterised as a greenschist facies 
event (Turner, 1968, p.270) (with the possible exception 
of the rocks of the Asprolefka Glaucophane Schists). The 
characteristic minerals of the greenschist facies, muscovite, 
epidote, actinolite, biotite, chlorite and garnet are 
ubiquitous in the Pieria. 
In the meta-igneous rocks of the Pieria and Kastania 
Granodiorites and the Mavroneri Meta-syenite, the metamorphic 
reactions are essentially retrograde, converting the 
assemblages formed at the relatively high crystallisation 
temperatures of the original magmas to assemblages of meta-
morphic minerals stable at lower temperatures. Where the 
granodiorite is undeformed, the original assemblage is 
scarcely altered. The igneous minerals are readily 
recognisable in both hand specimen and in thin-section. 
These parts of the rock body would have only small amounts 
of a fluid phase and so the extent of retrograde reactions 
involving formation of hydrous minerals would be strictly 
limited. The textures of the original igneous minerals 
confirm this to be the case. Plagioclase is sericitised 
and epidotised, biotite and hornblende show development 
of chlorite and there are very small garnets associated 
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with the mafic minerals. In strongly deformed parts of 
the Granodiorites however, w aere the rocks might be expected 
to be open to the passage of a fluid phase, all traces of 
the igneous assemblages have gone, except for preservation 
of the feldspars as augen of single crystals or crystal 
aggregates. 
Although the Meta-syenite does not show undeformed 
areas, its originally igneous character is demonstrated 
by the large orthoclase porphyroblasts which occur as augen 
in the foliation of the rock. These have a perthitic 
texture which must be of igneous origin, since the meta-
morphic temperature indicated by the other minerals present 
precludes the texture from being of metamorphic origin. 
In the other units of the area, which are not obviously 
of igneous origin, the metamorphic reactions are essentially 
prograde reactions. Whilst there are no sedimentary textures 
preserved in these rocks, the mineralogies and textures 
strongly suggest a sedimentary origin for the material. 
The arnphibolitic rocks (e.g. Mavroneri and Melissopetra 
Amphibolites) may be of igneous origin, but in the absence 
of unambiguous relict textures, this cannot be established. 
Secondary alteration of the minerals is rare, except in 
exposures which have suffered recent sub-aerial weathering. 
The chlorite and opaque ores described in the assemblages 
are of primary metamorphic origin. 
Godfriaux (1970) interpreted the metamorphism of the 
rocks in terms of a series of alkaline "metasomatic fronts" 
rising through the supposedly anticlinal "Plambouron Granite". 
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Apart from the fact that metasomatism on this scale has 
never been reported from other areas, it is unnecessary 
to postulate such events if the rocks are interpreted as 
having suffered essentially isochemical greenschist facies 
metamorphism. 
The question of metamorphic equilibrium 
Useful conclusions about metamorphic conditions can 
only be drawn if the observed assemblages can be shown to 
be equilibrium assemblages. In principle, necessary and 
sufficient criteria indicating that any chemical reaction 
has attained equilibrium can easily be specified. In 
practice, however, this can be extremely difficult when 
dealing with the complex chemical systems of most rock 
types, and at best a number of necessary criteria can be 
proposed which indicate that the observed assemblages 
represent equilibrium. The more important criteria are:- 
Absence of textural evidence of disequilibrium, e.g. 
rims of one mineral on another, zoning. 
The existence of similar assemblages in rocks of 
similar gross composition across wide areas of outcrop 
in which the individual minerals though varying in 
amount are constant in composition. 
Absence of phases which are mutually incompatible 
within the range of pressure and temperature implied 
by the assemblages. 
The consensus among metamorphic petrologists is that 
the majority of metamorphic assemblages do represent 
equilibrium on some scale, at least as a first approximation. 
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The scale over which the equilibrium has been attained 
may be quite small, even as small as the area seen in a 
thin-section, but this in itself will not invalidate any 
conclusions which may be drawn about metamorphic conditions. 
In general, it seems that there is ample time in geological 
conditions for the reactions to proceed to equilibrium, a 
conclusion reinforced by the relatively short times needed 
to synthesise metamorphic minerals under experimental 
conditions in the laboratory. This raises the question 
of why assemblages indicative of high temperatures and 
pressures have not undergone a series of retrograde reactions 
at successively lower pressures and temperatures obliterating 
the original assemblages as the rocks cooled and were exhumed. 
Clearly the fact that high grade metamorphic rocks are wide-
spread shows that at least in those rocks retrogression has 
not occurred, though in lower grade rocks there will be no 
evidence of any higher grade assemblages if the retrograde 
reactions have gone to completion. 
Two main factors have been proposed to account for 
these observations. One is that the reaction kinetics are 
unfavourable to retrograde reactions in many higher grade 
assemblages. Anhydrous high temperature phases such as 
pyroxenes, aluminosilicates and alkali feldspars form in 
reactions which typically involve dehydration of micas, 
amphiboles and chlorites. The water necessary for these 
reactions is not present in high grade assemblages, and 
thus retrogression will only occur if the rocks are 
tectonised so as to admit the passage of water (and other 
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gas phase components such as 002).  There is much evidence 
also that the presence of a fluid phase promotes the 
kinetics of a reaction even though it is not itself part 
of the products of the reaction. A second factor which 
may operate to preserve high grade assemblages is extremely 
rapid uplift and erosion of the rocks during orogenesis. 
This sequence of events results in rapid cooling and 
might leave insufficient time for retrograde reactions to 
occur, even if the kinetics were favourable, before the 
temperature dropped to a level at which reaction rates 
are infinitesimally slow. 
The first of the above criteria for equilibrium is 
certainly met in the Pieria rocks. In thin section, the 
minerals of all the assemblages show no signs of zoning, 
nor do they show any replacement textures. There is no 
evidence of the growth of minerals as rims on other minerals 
(with the exception of epidote as rims on allanite of 
presumed igneous origin in the Pieria Granodiorite). The 
edges of grains are sharp, and lack the ragged edges often 
observed in minerals which are reacting to form new phases. 
In short, the textures of these rocks are those of 
equilibrium assemblages. 
The second criterion mentioned above is also satisfied 
in the area. The metamorphic assemblages in the Pieria 
include a very limited range of metamorphic minerals, even 
in rocks of quite different gross compositions. The meta-
morphic minerals observed are:- 
quartz, plagioclase, muscovite, biotite, chlorite, 
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epidote group minerals, garnet, actinolite, glaucophane 
(limited to one unit), chioritoid (limited to one unit), 
sphene, apatite. 
Alkali feldspar and allanite occur as relict igneous 
minerals in meta-igneous rocks. 
Comparison of the assemblages of the Mavroneri, Dhaskion 
and Kriovrisi Mylonites (see Chapter 2) shows that all are 
greenschist fades assemblages, the principal minerals being 
quartz, plagioclase, muscovite, epidote, actinolite and 
garnet, with sometimes biotite or chlorite and relict alkali 
feldspar. The maximum distance between exposures of these 
units is over 25km, and it would be surprising if these 
assemblages represented fortuitously identical non-equilibrium 
stages in the metamorphism of the different areas. Similar 
examples can be drawn from other lithologies. Thus the 
assemblages of amphibolitic layers in the Lower Mavroneri 
Augen Schist are identical to those of the Melissopetra 
Amphibolites 20km away, with the principal minerals being 
actinolite, muscovite, quartz, plagioclase and epidote. 
This widespread development of identical assemblages and 
the limited range of metamorphic minerals is strong evidence 
that equilibrium was attained. 
There are no phases in the assemblages which are 
incompatible with each other under the greenschist fades 
metamorphism implied by the observed mineralogies0 
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Variation across the area 
A study of the Dhaskion and Mavroneri I4y1onites 
shows that, unlike the Mavroneri Mylonites, the Dhaskion 
Mylonites are characterised by the presence of two plagio-
clases, albite (AnO-2) and oligoclase (An 21-23). This 
may be the product of a reaction involving albite and 
epidote such as:- 
albite+quartz+rnuscovite+chlorite+epidote = albite+ 
anorthite+biotite+water 
which proceeds from left to right as the pressure or 
temperature increases. The formation of two distinct 
plagioclases is the consequence of the existence of the 
peristerite solvus, which prevents crystallisation of 
plagioclases within the area of the solvus. As Crawford 
(1966) pointed out, the crest of the solvus lies between 
the almandine and staurolite isograds in the Vermont rocks 
described in that study, at between 450 and 500 °C. This 
therefore places an upper limit on the temperature of the 
Pieria metamorphism. 
Crawford's study showed that with increasing metamorphic 
grade, the change in plagioclase composition depends on the 
bulk rock composition and the nature of any co-existing 
Ca-bearing minerals. Below the garnet isograd, epidote is 
the only common Ca-bearing phase, apart from plagioclase, 
in the Pieria rocks, so that the plagioclase composition 
is determined by the equilibrium curve separating plagioclase 
from plagioclase plus epidote. The anorthite content of 
the albite increases gradually to the point where oligoclase 
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appears. This Crawford interprets as the point where the 
epidote-plagioclase equilibrium curve intersects the 
peristerite solvus, the width of which is not appreciably 
affected by pressure. 
The two-plagioclase assemblages are not found in the 
Mavroneri Mylonites, where the plagioclase is albite 
(AnØ-2), co-existing with epidote. However, the rocks 
from both areas contain garnet and so the grade of assemblages 
from both areas falls within the garnet zone of the green-
schist facies. 
Indicated conditions of metamorphism 
The presence of chloritoid in the Asapi Schist also 
places an upper limit of around 500 °C on the grade of the 
metamorphism in the north of the area, since above this 
temperature chloritoid breaks down by reaction with alumino-
silicates to form staurolite (Hoschek and Winkler, 1965). 
Staurolite has not been recorded in the Pieria rocks. 
The presence of white mica and occasionally chlorite 
in the assemblages is an indicator of the minimum pressure 
and temperature to which the rocks have been subjected. 
The mica forms in complex reactions in sediments from clay 
minerals, quartz and feldspar fragments, and although these 
reactions are not well-determined experimentally, it appears 
from various experimental data (e.g. Velde, 1966) that the 
minimum conditions for formation of the quartz-muscovite-
chlorite assemblage are 300 ° C at a water pressure of 3kb. 
The presence of garnet at all levels of the structural 
sequence implies minimum conditions considerably higher than 
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these values, since mapping of areas displaying regional 
variation in grade (e.g. Vermont-New Hampshire, south-
east Scottish Highlands) has consistently shown that the 
garnet isograd is indicative of higher grade than the 
first appearance of white mica or biotite in pelitic 
rocks (Lyons, 1955; Crawford, 1966). Although good 
experimental data are lacking for the complex reactions 
which produce garnet in pelitic rocks, a minimum temperature 
of 400 0 C at a pressure of 5kb is indicated by the absence 
of cordierite which gives way to almandine garnet at higher 
pressures (Turner, 1967). 
The nature of the assemblages, which are so typical 
of the upper greenschist facies, indicate a more or less 
"normal" geothermal gradient during metamorphism of the 
Pieria rocks. Taking a figure of 20 °C per km for the 
gradient, depths of between 20 and 22-i-km are indicated by 
the probable temperature range of 400 to 450°C. With the 
typical value of 0.3kb per km depth for the pressure 
gradient, this suggests a confining pressure of 6 to 6.75kb. 
Conclusions 
It thus appears that the rocks of the Pieria were 
metamorphosed during a single event to the garnet grade 
of the greenschist facies at temperatures and pressures 
in the ranges 400 to 450 °C and 6.0 to 6.75kb. The grade 
was slightly higher in the north (Dhaskion area) than in 
the south (Mavroneri valley), as is indicated by the 
presence of two distinct plagioclases in the Dhaskion rocks. 
The textural evidence and limited range of assemblages 
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strongly suggest that the rocks attained equilibrium 




The early descriptions of the crystalline rocks of 
the Pelagonian zone in North Thessaly assumed that the 
rocks formed part of the "basement" of the area (e.g. 
.Aubouin, 1965). Since the rocks are overlain by Triassic-
Jurassic carbonates, the metamorphism recorded by the 
rocks was inferred to be Palaeozoic. The discovery of 
the Olympos "window" by Godfriaux (1970) showed that, in 
the North Thessaly massif at least, the Pelagonian rocks 
are allochthonous. Godfriaux also described the Pieria 
Granodjorite ("Kataphygion Granite") and interpreted it 
as having been intruded into the metamorphic rocks in their 
present position. This implied a Tertiary age for the 
crystallisation of the Granodiorite, since the Olympos 
thrust overrides Eocene rocks in the north-west of the 
Olympos platform (Godfriaux, 1970). 
As I have already described in Chapter 3, I consider 
that the field evidence shows that the Pieria Granodiorite 
is a body emplaced, after it had crystallised, as a high 
level thrust sheet. One primary objective of the isotopic 
studies was thus to establish the crystallisation age of 
the granodiorite, and to this end I undertook U-Pb isotopic 
analyses of zircons extracted from granodiorite samples. 
Since it appeared that the emplacement of the granod-
iorite coincided with the major fabric-forming event in 
the Pieria, and that this event was distinct from and later 
than the crystallisation of the granodiorite, I also under- 
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took Rb-Sr isotopic studies of samples of the granodiorite 
which displayed the primary foliation. It was anticipated 
that this work would indicate whether the primary fabric 
of the Pieria rocks was formed in the same event as that 
which formed the primary fabric in the metamorphic sheet 
immediately above the Olympos thrust, which has been shown 
by Barton (1975a, 1976) to have occurred at 127+3rny. 
The Tertiary event during which the Pelagonian alloch-
thon was emplaced upon the Olympos platform does not appear 
to have produced any regional metamorphism in the Pieria 
rocks. Apparently only local frictional heating on major 
thrusts (Barton and England, in press) occurred, as is 
evidenced inter alia by the age of 40±1.2my obtained by 
Barton (1975a) from phyllonites on the Olympos thrust only 
a few kilometres from the rocks which yielded the 127my age. 
In addition, my own structural work indicates that the first 
and second deformations in the Pieria were part of the same 
major deformation episode, and the Tertiary event was 
extremely weak throughout the area (with only faulting and 
sporadic development of the kink bands), except in the 
immediate vicinity of the Mavroneri Thrust and on the 
extreme east of the Pieria. 
The methods of the isotopic analysis are described in 
Appendix B. 
U-Pb isotopic ratios 
This work has already been reported (Yarwood and 
Aftalion, 1976). In summary, it shows that the zircon 
U-Pb isotopic systems of the Pieria Granodiorite formed 
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at 302+5my ago in the Westphalian Stage of the U. Carbon-
if erous (Harland et al., 1964). This result was obtained 
on a sample of undeformed granodiorite (RC998Y241) from 
the south bank of the Valkanies River, 50m downstream from 
the crossing of the Kataphygion-Scouliari path. A partial 
whole rock analysis of this rock has been given in Chapter 
2. In addition, zircons were extracted from a sample of 
foliated granodiorite (RC999=Y341) from the upper forest 
road between Scouliari and Dhaskion, which was under 
construction in the summer of 1974. The locality was an 
outcrop in the north side of the road, at a height of 
1240m, 700m north-west of the 1566m spot height on 
Astrapokameni Petra which lies north of Kataphygion. The 
zircon yield of this sample was low, but analysis of the 
-61+45micron size-fraction gave a slightly discordant 
point which was somewhat younger than Y241. This indicates 
a disturbance of the U-Pb systems since the closure at 
302+5my (indicated by Y241), which may be attributed to 
the event which produced the primary foliation in the rock 
with development of the metamorphic micas, epidotes and 
albites. The data point for Y341 is too close to those 
for Y241 to enable a meaningful extrapolation to be made 
between them to a lower intersection with the Concordia. 
The analytical data of these analyses are reproduced in 
Appendix Table El. 
Rb-Sr isotopic ratios 
This work has also already been reported (Yarwood. and 
Dixon, in press). 
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Three different samples were analysed to determine 
their Rb-Sr isotopic compositions. Partial whole rock 
analyses of these samples are given in Chapter 2. The 
samples were:- 
A protomylonite (Y289) from the east bank of the 
Kataphygion River, 20m north of the bridge on the 
Kataphygion to Velvendos path (Pieria Granodiorite). 
A foliated granodiorite (Y341) from the same outcrop 
as that upon which one of the zircon U-Pb analyses. 
was performed (Pieria Granodiorite). 
A protomylonite from the highest point of the forest 
track in the valley of the Aghios Nikolaos River 
(Mavroneri Valley), 200m south-east of the point 
where the track crosses the river (Lower Mavroneri 
Augen Schist). 
Analyses were performed upon whole rock powders, and 
upon separated epidote, plagioclase and muscovite, for each 
sample. The analytical data are.given in Appendix Table B2, 
and the 87Rb/86Sr and 873r/86Sr ratios determined are plotted 
in Figures 5.1, 5.2 and 5.3. The isochrons plotted have been 
fitted by eye to the data and the uncertainties in ages have 
been obtained from estimates of the maximum and minimum 
slopes which would fit the indicated error ranges. Analytical 
errors are discussed in Appendix B. 
The two samples of the Pieria Granodiorite (Y341 and 
Y289) have ages of 122±3my and 118+5my respectively, and 
within the uncertainties, these ages clearly date the same 
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(Harland et al., 1964) for the event which formed the 
primary foliation in the Pieria. The sample from the 
Lower Mavroneri Augen Schist (Y426) has an age of 102+3rny, 
significantly different from the Pieria Granodiorite 
samples, and this suggests a loss of radiogenic Sr from 
the muscovite. This specimen is from the major limb of 
one of the tighter third phase folds, in which a weak axial-
planar schistosity is developed. This indicates that the 
third phase had an age of 102-+-3my or younger, depending 
upon whether or not the Rb-Sr systems of the mica (upon 
which the isochron largely depends) were completely reset 
by the event. 
There has been considerable discussion in the literature 
about the temperatures at which the Rb-Sr isotopic systems 
close in various minerals during the relaxation of regional 
metamorphism, and of the scale over which isotopic homo-
genisation takes place. For muscovite, for example, it is 
considered that the systems close below about 500 ° C (Jager, 
1973). For some minerals however it appears that temperature 
is not the only control on closure, and O'Neil and Taylor 
(1967) have obtained complete cation exchange in experiments 
at 350° C and 1kb fluid pressure with feldspars in alkali 
chloride solutions. The exchanges took place in periods 
not exceeding a few days. Over the much longer periods 
involved in geological processes, this kind of effect will 
certainly occur in many cases. 
An experimental study of thermally induced migration 
of Rb and Sr (Baadsgaard and van Breemen, 1970) showed that 
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Rb, Sr, K, Ca and Na migrate between the different minerals 
at different rates at temperatures above 800 °C over periods 
of 100 hours. In particular, muscovite was shown to lose 
radiogenic 87Sr whilst gaining non-radiogenic Sr, thus 
giving a lower apparent age. Plagioclase on the other 
hand gained radiogenic 87Sr in greater relative quantity 
that Rb, producing a higher apparent age. Whilst the 
temperatures of these experiments were much higher than 
in the Pieria rocks at any time after the crystallisation 
of the granodiorite, under conditions of metamorphism where 
a fluid phase is present the chemical and thermodynamic 
parameters of the system are such that the minerals may 
be unstable enough to release or accept ions at quite 
moderate temperatures. 
The plagioclase in samples Y341 and Y289 appears to 
be consistently enriched in radiogenic Sr with respect to 
the other minerals and to the whole rock. This may reflect 
incipient alteration of the isotopic systems by the Tertiary 
event, as a result of slight movements which would have 
produced increased permeability of the deformed zones to 
any fluid phase which may have been present. It is 
interesting to note that the isotopic systems of the 
epidotes are not affected by this event, presumably because 
the epidote remained quite stable under conditions which 
affected the plagioclase. 
Significance of the isotopic data 
This study has thus established that the Pieria 
Granodiorite crystallised at 302+5my, and was subsequently 
tectonised during emplacement at a high structural level 
at about 120my. Both these events are recorded in the 
same rocks, Y341 having yielded data from the zircons 
indicating only slight disturbance of the U-Pb systems 
since 302my whilst at the same time giving Rb-Sr data on 
the metamorphic minerals indicating an event at 122my. 
These data vindicate the correlation proposed by Yarwood 
and Aftalion (1976) of the primary foliation in the Pieria 
with that of the metamorphic rocks in the thrust sheet 
which overlies the Olympos platform. This lends circum-
stantial support to the correlation of the granodiorites 
of the Olympos area with those of the Pieria. 
The Tertiary event established in nearby areas (see 
Chapter 6) has not had any profound effect on either of 
the isotopic systems investigated. The sample Y426 from 
the Lower Mavroneri Augen Schists is the only sample 
showing any significant effect which may be attributable 
to the Tertiary event, represented by a significantly 
younger muscovite age. This confirms the field evidence 
that the effects of the third and later deformations are 
weak throughout the Pieria. 
CHAPTER 6 
REGIONAL CONTEXT AND IMPLICATIONS 
Introduction 
The preceding chapters have described the detailed 
structural and metamorphic features of the Pieria and 
south Vermion mountains together with some important 
isotope age data for the rocks. The purpose of this 
chapter is to place this new information in its regional 
context and to propose a model for the evolution of this 
part of the Pelagonian zone. 
There have been very few detailed descriptions of 
the metamorphic rocks of the northern Thessaly massif, 
principally those by Godfriaux (1970), Barton (1975a) and 
Nance (1976). The original work by Godfriaux has been 
considerably modified by the more detailed mapping under- 
taken by Barton, Nance and myself, and many of Godfriaux's 
conclusions regarding tectonism and metamorphism are now 
regarded as incorrect. Godfriaux's principal achievement 
must be his recognition and description of the rocks of 
the Olympos carbonate platform and the Olympos thrust. 
His interpretation of the Pieria Granodiorite ("granite 
of Flambouron") as showing an intrusive relationship to 
the surrounding rocks cannot possibly be substantiated, 
as the basic mapping presented in this study shows. Like-
wise, the work of Nance on the Livadi ultrarnafic rocks 
makes it clear that both the upper and lower contacts of 
these rocks are thrust contacts, whereas Godfriaux inter-
preted the ultramafic rocks as being interfolded with the 
Livadi schists. Godfriaux's failure to recognise the 
major Mavroneri Thrust at the base of the Pieria alloch-
thon renders invalid his whole stratigraphic scheme for 
the Pieria. Likewise, his interpretation of the metamorphic 
events as three metasomatic episodes appears to be a basic 
failure to recognise the nature of the metamorphism and 
the probable original nature of the rocks which were meta-
morphosed. These various deficiencies in the study, together 
with many serious inaccuracies in the published map, make 
it very difficult to give a detailed critical evaluation 
of Godfriaux's work in the area. The interpretation in this 
chapter therefore relies for information on north Thessaly 
almost entirely upon the work of Barton, Nance and myself, 
and Godfrjaux's work will not be discussed in detail. 
Tectonic history of the northern Thessaly massif 
The principal events established in the Pieria rocks 
by this study are:- 
 Crystallisation of the Pieria Granodiorite at 302+5rny. 
 Deposition of a variety of pelitic sediments with 
minor calcareous layers in presumed pre-Triassic times, 
probably Carboniferous-Permian. 
Deposition of the Triassic-Jurassic carbonate cover. 
Tectonisation and metamorphism of all these rocks in 
a major regional event in L. Cretaceous times 
(Valanginian). 
Regional thrusting of all these rocks during Tertiary 
emplacement of the Pelagonian allochthon upon the 
Olympos carbonate platform. 
Barton (1975a) has clearly shown that the Pelagonian 
rocks were emplaced in early Tertiary times from a westerly 
direction upon the Olympos platform carbonates (40+1.2my 
by Rb-Sr whole rock isochron on phyllites associated with 
the thrusting (Barton, 1976). The rocks immediately above 
the thrust appear to be divided into two separate sheets, 
a lower one of meta-igneous character outcropping above 
the thrust plane south-east of Pithion, and an upper sheet 
of predominantly meta-sedimentary character north-west of 
Pithion (Barton, 1975a). The meta-igneous rocks are very 
similar in character to the Pieria Granodiorite, with a 
range of textures and mineralogies from unfoliated porphyritic 
granodiorite with amphibolitic intrusive sheets and quartzo-
feldspathic pegmatites to greenschist facies mylonites and 
proto-inylonites (own observations). Although the crystallis-
ation age of this material is unknown, the age of the 
mylonitisation has been shown (Barton, 1976) to be 127±3my 
by Rb-Sr isochrons on whole rocks and phengites. This age 
is very similar to the Valanginian age of 120-i-3xny reported 
in Chapter 5 of this study for the similar meta-igneous 
material from the Pieria. It also appears quite probable 
that the Olympos material has the same Westphalian original 
crystallisation age as the Pieria Granodiorite. 
The uppermost tectonic unit in the area investigated 
by Barton is the metamorphosed carbonate of Trokhalos, 
north-west of Kokkinoplos. The relationship of this 
carbonate to the carbonate cover of the Eastern Pieria is 
unclear. There appears to be a radical change in the 
carbonate/schist relations south of the Mavroneri Thrust, 
with complex interfolding of the two rock types in the 
area from Fotina to Kokkinoplos (personal observations). 
This may be related to the Tertiary movement on the Olympos 
thrust. 
The area from the Aghios Dimitrios valley, north-west 
of Trokhalos, to the Mavroneri valley consists of a very 
thick thrust sheet of complexly folded meta-sedimentary 
and meta-igneous rocks, overlain by the much thinner and 
discontinuous thrust sheet of the Livadi ultramafic rocks 
(Nance, 1976). These two sheets are interpreted by Nance 
as overlying the thrust sheets to the south-east described 
by Barton. The Livadi ultramafics are in turn overlain 
by the Pieria allochthon. The broad structure of the area 
from Olympos to the Pieria is thus shown to be a stack of 
thrust sheets, of which the Pieria Granodiorite is the 
highest. 
The isotopic data show clearly that there was a 
deformation during the Valanginian in which the primary 
foliation was formed in the Pieria and in the schists of 
the sheet above the Olympos thrust. The primary foliation 
of the Livadi schists may therefore be inferred to be of 
the same age since in many respects it is quite similar in 
character to that in the other two zones. In the Pieria, 
as I have shown in Chapter 3, the thrusting which stacked 
up the sheets of the Pieria allochthon occurred during this 
episode. There is evidence however for a series of major 
thrusts associated with the Tertiary emplacement of the 
Pelagonian schists upon the Olympos platform. Thus the 
truncation of the deformation fabric of the Livadi schists 
at the base of the ultramafic masses described by Nance 
(1976) is clear evidence of a thrusting episode which 
postdates the first three deformation phases in the Livadi 
schists. The upper thrust contact of the ultrarnafics (the 
Mavroneri Thrust) may be inferred to be the same age as 
the lower contact, or younger, since the ultramafic bodies 
are laterally discontinuous, presumably as a result of 
tectonic thinning during thrusting. Although there is no 
direct evidence for the age of the Aghios Dimitrios thrust 
at the base of the Livadi schists, the contrast in deform- 
ation styles between Ljvadi and the Olympos schists suggests 
that this thrust, like the Mavroneri Thrust, is Tertiary. 
The tectonic sequence in the north Thessaly massif 
thus appears to be:- 
Cretaceous (Valanginian) development of primary fabrics 
with regional metamorphism and major thrusting in a 
terrain consisting of both sedimentary or meta-
sedimentary rocks and a mass of Carboniferous 
(Westphalian) granitic material of regional dimensions. 
Tertiary (Priabonian) thrusting of the L. Cretaceous 
thrust pile during the emplacement of the Pelagonian 
schists upon the Olympos carbonate platform along the 
Olympos thrust. 
Tectonic history of adjoining areas 
The Pelagonian zone extends south-east from north 
Thessaly through the Ossa mountains to Pilion (north of 
Volos) and into the island of Euboea. To the north-west, 
the zone passes across the border of Greece into the 
Pelagonian plain of Yugoslavia from which it takes its 
name, as faras the Jakupica mountains and Skopje (Bulle 
and Rolle -t, 1970). The nature of the termination of the 
zone at its northern end has not been described, though 
Bulle and Rollet (op. cit)0 have suggested a "structure 
transversale" of unspecified nature to account for the 
abrupt change in the nature of the Vardar zone rocks east 
of the termination of the Pelagonian zone. 
The geology of the area from south Vermion northwards 
is not well known. Brunn (1959) described a nappe (the 
High Vermion nappe) of Albian limestones and conglomerates 
which rests upon a Cretaceous sequence which is terminated 
by a Maestrichtian flysch. The base of this sequence rests 
upon the metamorphosed Triassic-Jurassic carbonates which 
have a continuous outcrop from the Yugoslav border in the 
north to the summits of south Vermion immediately to the 
north of the summit of the Veria-Kozani road. The contact 
between the carbonate and the "transgressive" Cretaceous 
sequence is marked in places by discontinuous serpentinite 
bodies (Brunn, 1959; Mrcier, 1968; Vergely, 1976). 
Braud (1967) studied the northern part of the High Vermion 
nappe, and Mercier (1968) describes the eastern margin of 
the Pelagonian zone from Edhessa as far as the Yugoslav 
border. These descriptions all reveal a sequence very 
similar to that described by Godfriaux (1970) for the Pieria 
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rocks which lie structurally above the metamorphosed 
carbonate cover, north-east of the area studied by myself. 
This sequence may be summarised (Godfriaux and Mercier, 
1964) as follows:- 
	
6. 	Almopias zone rocks in Macedonia and Thessaly (see 
below); High Vermion nappe in Vermion. 
5. 	Maestrichtion flysch. 
4. 	Coniacian-Santonjan white limestones. 
3. 	Cenomanian-Turonian detrital limestones, discordant 
on 2. 
2. 	Discontinuous serpentinite bodies. 
1. 	Triassic-Jurassic (presumed) metamorphosed carbonate. 
According to Vergely (1976), the serpentinites in the 
area west of Vermion were emplaced upon the carbonate in 
U. Jurassic times, and then tectonised again in the L. 
Cretaceous. This sequence of events is only partly in 
evidence in north Thessaly, there being no signs of the 
Jurassic tectonic event, although the Cretaceous event has 
its counterpart in the metamorphism and tectonism which 
produced the primary fabric of the Thessaly metamorphic 
rocks. The major Tertiary thrusting indicated by the 
emplacement of the High Verrnion nappe upon the Cretaceous 
sequence of Vermion is an event comparable to the develop-
ment of the Tertiary Olympos thrust. The directions of 
these Tertiary thrusts appear to be quit3 diverse, the 
upper sheet moving westwards on the Olympos thrust, possibly 
southwards on the Mavroneri thrust, and westwards beneath 
the High Vermion nappe which appears to be rooted in the 
.Almopias zone (Brunn, 1959; Vergely, 1976). 
South-east of the northern Thessaly massif, still 
less can be confidently stated about the tectonic history 
of the rocks. The Ossa mountains are as yet not well-
described, but they appear to consist of a tectonised 
and recrystallised carbonate bordered on the east by 
metamorphosed flysch and serpentinite, and on the west 
by pelitic schists with some amphibolitic units. Both 
greenschist and blueschist facies assemblages have been 
reported from the units around the central carbonate of 
Ossa Mountain itself (Derycke, Godfriaux and Robaszynski, 
1974). The carbonate appears to be at a lower structural 
level than the surrounding schists (personal observations), 
and the possibility exists that Ossa is a carbonate plat-
form exposed in a tectonic window in a situation very 
similar to that of Olympos. 
The Pilion mountains north of Volos have been studied 
in detail by Ferrire (1975) and Frost (1976), but the 
relationship of this area to both Ossa and north Thessaly 
is unknown since the ground between Ossa and Pilion is 
very badly exposed and so far has not been mapped in any 
detail. Although there are differences between the inter-
pretations of Frost and Ferrire, the general sequence 
consists of a granitic "basement" gneiss, tectonically 
overlain by a series of thrust sheets which dip to the 
west. The whole sequence is overlain by transgressive 
U. Cretaceous limestones (Perrire, 1973). The gneiss is 
now known to have original igneous muscovites with an Ar 
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isochron age of 290+2my (Frost, pers. comm.), which, 
allowing for the lower closing temperatures of the muscovite, 
is the same as the crystallisation age established for the 
Pieria. Granodiorite. The event which created the primary 
fabric in the rocks overlying the "basement" gneiss is 
interpreted by Frost as being of L. Cretaceous age and 
contemporaneous with the stacking of the thrust sheets 
which make up the Pilion mountains. The Tertiary event 
of major thrusting which has affected the rocks of the 
Pelagonian zone further north is absent in Pilion (Frost, 
1976). The otherwise undeformed U. Cretaceous cover may 
have a thrust contact at its base (Ferrire, 1973), though 
the rocks are almost certainly para-autochthonous. 
The zones adjoining the Pelagonian zone are the Othris 
(or sub-Pelagonian) to the west and the Almopias (formerly 
the westernmost part of the Vardar) to the east. 
Detailed studies of the Qthris zone have been made in 
the area of the Othris mountains (Hynes et al., 1972; Smith 
et al., 1975; Ferrire, 1976b; Smith and Woodcock, 1976), 
and the area is now one of the best-known parts of Hellenides. 
The history of the area is inferred by Smith et al. (op. cit.) 
to be as follows. A passive continental margin sedimentary 
sequence was deposited on the edge of the Othris ocean which 
lay to the west of the margin from Permian to U. Jurassic 
times. During the Jurassic, this ocean was spreading at a 
mid-ocean ridge which was at a considerable distance from 
the margin. In the L. Cretaceous, the ocean closed by sub-
duction of oceanic crust in an east-dipping subduction zone, 
•1 
and as a result of obduction at a late stage of this 
subduc -tion process, slices of ophiolitic material were 
stacked upon the Permian to Jurassic continental margin 
sequence. The thrust stack was subsequently covered by 
a transgressive U. Cretaceous sequence, after a mid-
Cretaceous period of uplift and erosion. 
In Othris, the Triassic rocks tectonically overlie 
greenschist fades Permian clastic rocks in the east of 
the area. Still further to the east, the Pteleon Formation 
(Smith et al., 1975) consists of quartzites, metamorphosed 
arkosic sandstones, schists, phyllites and some marbles. 
The relationship between the Pteleon Formation and the 
other formations described by Smith et al. (1975) has not 
been well established. However, in the Pilion peninsula 
on the east of the Pagasitikos Gulf, the same formations 
have been mapped continuing eastwards near Trikeri (Ferriere, 
1976b) and beyond in Sarakiniko (Wallbrecher, 1976), and 
it appears that there is a thrust contact between the 
Triassic marble and the metamorphic schists, both of which 
rest beneath an tEohel1enic nappe" emplaced in the L. 
Cretaceous. It thus appears that the Pteleon Formation 
is the westernmost unit of the Pelagonian zone in the Othris 
area. 
The statement by Hynes et al. (1972) that the eastern 
part of Othris is strongly affected by Tertiary thrusting 
cannot be reconciled with the apparent absence of major 
thrusting of this age in Pilion, and this implies a major 
break in the Tertiary tectonic regime between eastern 
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Othris and Pilion which has not so far been pinpointed 
on the ground. 
Further to the north-west in the Othris zone lie the 
Vourinos mountains. Here Moores (1969) and Zimmerman 
(1972) have described a large ophiolitic body which rests 
upon tectonjsed Triassic-Jurassic carbonates. The basal 
contact is marked by a horizon which was formerly described 
as a melange, but has now been shown to be an olistostrome 
(Naylor and Harle, 1976). These two authors have also 
adduced evidence showing that the Vourinos complex was 
emplaced from the south-west, though according to Vergely 
(1976) the ophiolite was thrust westwards over the Pelagonian 
zone from the Almopias zone in the U. Jurassic, and then 
movement in the reverse direction ("retrocharriage") occurred 
in the L. Cretaceous. More recently, Zimmerman et al. (1977) 
have interpreted fabrics in the ultramafic rocks as indicat-
ing emplacement from the south-west. Such an emplacement 
direction certainly appears more likely in view of the 
probable correlation between the Vourinos and Othris 
ophiolites, and the evidence cited by Smith et al. (1975) 
for north-easterly emplacement in Othris. As in Othris 
and Pilion, the Vourinos ophiolite is overlain by a trans- 
gressive U. Cretaceous sequence (Brunn, 1956; Moores, 1969). 
There are no features in the Vourinos area which can be 
unequivocally attributed to a Tertiary event. Thus Vourinos 
has similarities to Othris, though the multiple stacking of 
the ophiolite sheets only occurs in Othris. The relationship 
of both areas to the Pelagonian zone is not entirely clear, 
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but it appears that the Pelagonian was the continent to 
which the Othris zone sedimentary rocks formed a passive 
margin. 
To the north-east of the Pelagonian zone in northern 
Greece lies the Almopias zone, defined by Mercier (1968) 
as consisting of the western part of the area formerly 
known as the Vardar zone (Aubouin, 1965). The Almopias 
zone rocks outcrop beyond the eastern edge of the area I 
have studied, in the Low Pieria, and continue south-east 
in a thin strip which disappears beneath the Neogene cover 
of the coastal plain north-east of Elatohorion. The rocks 
of the Northern Sporadic islands of Alonnisos and Peristera 
have been assigned to the Almopias zone (Kelepertsis, 1974), 
as has the Upper Palouki Series of eastern Skopelos (Jackson, 
pers. comm.) to the west of Alonnisos. A very narrow dis-
continuous and poorly exposed belt of rocks on the east 
side of Olympos (pelitic schists and serpentinites) may be 
part of the same zone also. These rocks are thrust upon 
the eastern edge of the Olympos carbonate platform (Godfriaux, 
1970; Barton, pers. comm.). The Almopias zone rocks north-
east of Vermion have been only very briefly described (Brunn, 
1959), though the High Vermion nappe is apparently rooted in 
the zone. In Macedonia, where Mercier (1968) defined the 
zone, the rocks are well-described, and appear to consist 
of a series of thrust sheets, each of which has the following 
sequence: - 
	
5. 	Maestrichtian flysch. 
4. 	Cenomanian-Turonjan limestones. 
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3. 	Aptian-Albian detrital limestones. 
2. 	Red or grey conglomerates with limestone and 
serpentinite pebbles. 
1. 	Discontinuous serpentini -te bodies, resting 
discordantly upon the Maestrichtian flysch of the 
Pelagonian zone. 
In the Low Pieria, Godfriau.x (1970) has also described 
a similar sequence repeated in two thrust sheets ("the 
western sheets" and "the eastern sheets"), though the 
conglomerates do not have serpentinite pebbles here. 
The thrust planes dip at low angles to the east in 
both Macedonia and the Low Pieria. 
Tectonics and metamorphism 
The metamorphism of the Pelagonian rocks is everywhere 
at a relatively low grade. There is however a regional 
variation in type, and a distinct belt of blue-schist fades 
assemblages is now known to exist on the eastern side of the 
zone (Barton, 1975a; Derycke and Godfriaux, 1976; Frost, 
1976). In addition, glaucophane has been reported by Barton 
(1975a) and is recorded from the east Pieria in this study, 
though the lawsonite or pumpellyite which is generally taken 
to be an essential characteristic of the blue-schist facies 
(Turner, 1968) is absent. The age of these blue-schists is 
mostly uncertain. In Volos however, Frost has categorically 
inferred the blue-schist assemblages to be L. Cretaceous. 
Derycke and G-odfriaux considered that there is evidence in 
Ossa and Low Olympos for two distinct episodes of blue-schist 
metamorphism, one apparently L. Cretaceous and the other 
later but prior to the formation of the Olyrnpos thrust. 
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Barton, on the other hand, considered the glaucophane 
which he found on the Trokhalos ridge in a proto-mylonite 
associated with the Tertiary Olympos thrust to have formed 
in the thrusting episode. The Asprolefka Glaucophane 
Schists which I have described in this study cannot 
realistically be given an age without isotopic evidence 
since the field relations of this unit are so obscure. 
Our knowledge of this belt of blue-schist rocks is 
therefore scanty, and in view of the tectonic significance 
of these high-pressure, low-temperature assemblages, this 
is most unsatisfactory. However, it will be necessary to 
take these observations into account in proposing a tectonic 
model for the region. 
Tectonic Model 
Drawing on the details set out above, and on other 
models proposed for the area (e.g. Nisbet, 1974; Smith 
and Woodcock, 1976) the following framework of events is 
proposed into which the geological features revealed by 
this study may be fitted. 
U. Carboniferous: The Pieria Granodiorjte and similar 
granitic rocks were intruded into the crustal rocks of 
the Eurafrican plate above a subduction zone on the margin 
of the Tethyan ocean (at 302±5my on granodiorite - this 
study; 290±2my on igneous micas from quartzo-feldspathic 
mica schist - Frost, pers. comm.). 
Permian: Subduction ceased, and uplift and erosion began 
as the intrusive igneous activity died away. Shallow water 
sedimentation occurred in a faulted basin behind the formerly 
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active plate margin (Smith et al., 1975), forming the 
oldest rocks of the Qthrjs zone. 
L. to M. Triassic: Subaerial erosion of the uplifted 
granitic rocks took place in the Pelagonian zone. In 
the Othris zone, early rifting caused pillow lava eruption 
with development of shallow water and reef carbonates 
(Smith et al., 1975). In the area to the north-east of 
the iPelagonian zone (Vardar zone), shallow water carbonate 
deposition began (Brunn, 1956; Mercier, 1968; Godfriaux, 
1970). 
U. Triassic to M. Jurassic: Shallow water carbonates 
continued to be deposited across both the Pelagonian and 
Vardar zones. In Othris, a spreading ocean ridge developed 
which resulted in the opening of the Othris (Pindos) ocean, 
with a continental margin sequence developing in the east 
(Smith et al., 1975), and probably also in the west (Pindos). 
Cherts and radiolarites were deposited in the mid-ocean 
areas. 
U. Jurassic: The picture was the same, except that sub-
duction of the Othris ocean began some distance west of 
the Pelagonian margin (Smith and Woodcock, 1976). This 
was accompanied by serpentinisation of static ocean crust 
over the down-going slab of the subduction zone (Nance, 
1976). The subduction rate was more rapid than the ridge 
half-spreading rate. 
L. Cretaceous (Berriasian to Hauterivian): Subduction of 
the Othris ocean ceased v,,hen the spreading ridge reached 
the subduction zone, resulting in the obduction of serpent- 
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inised oceanic crust on to the Othris continental margin 
sequence (Smith and Woodcock, 1976). This precipitated 
a major thrusting episode in the adjoining Pelagonian 
zone, with accompanying deformation and metamorphism 
(dated at 120my - this study) of all the Pelagonian zone 
rocks. During the same event, the strong regional 
compression resulting from the ridge-trench collision 
also appears to have affected the western margin of the 
Vardar zone, resulting in emplacement of remnants of the 
old Tethyan ocean floor as serpentinite upon the Pelagonian 
Triassic-Jurassic carbonate in Vermion (Mercier, 1968; 
Vergely, 1976). Possibly a similar emplacement also occurred 
in Macedonia and the Low Pieria, but these relationships 
have been obscured by Tertiary thrusting. 
L. Cretaceous (Barreinian to Albian): Cessation of the sub-
duction process resulted in uplift of the whole of the 
Pelagonian zone, and subaerial erosion of the nappe pile 
began, giving rise to the so-called "first flysch" of the 
Pindos zone on the west. On the east, similar sedimentation 
may have occurred, but must have been limited in amount 
since flysch deposits of this age are absent from the units 
of the thrust sheets of the adjoining Almopias zone (which 
were emplaced on the Pelagonian margin in the Tertiary). 
The amount of uplift varied from north to south, and was 
greatest in the Pilion region where 36Ar/4OAr studies 
indicate an event at 103±1my (Frost, pers. comm.). This 
event is interpreted by Frost (1976) as that in which the 
blueschists of Pilion were developed, and the younger age 
- 97 - 
of the L. Cretaceous event in Pilion presumably reflects 
the fact that it is an uplift age of rocks at a deeper 
level, as indicated by the high pressure/low temperature 
assemblages. The Ossa sheet described by Derycke and 
Godfriaux (1978) also contains blueschist assemblages, 
and is inferred by them to be pre-U. Cretaceous. It may 
thus be provisionally accounted for by the same sequence 
of events as the Pilion blueschist assemblages. 
U. Cretaceous (Cenomanian to Maestrich -tian): This was a 
tectonically quiet period in which most of the Pelagonian, 
Othris, Pindos and Vardar zones were transgressively covered 
by detrital and shelf carbonates. These carbonates now 
outcrop extensively in these zones, autochthonously as 
in the "Kozani saddle" (where they have been preserved from 
erosion by a topographic low), para-autochthonously as in 
the summits of the Pilion peninsula and beneath the High 
Vermion nappe, or allochthonously, as in the Almopias zone 
thrust sheets of Macedonia, east Vermion and the Low Pieria. 
The carbonate sedimentation was terminated by an equally 
widespread deposition of Maestrichtian flysch which extended 
into the L. Eocene in places (e.g. the "second flysch" of 
Pindos). Although the literature is generally silent on 
direct evidence for the provenance of this flysch (e.g. 
Jacobshagen, 1978), it must have been derived from the 
exposed metamorphic rocks of the Pelagonian and Serbo-
Macedonian zones, showing that parts of these areas remained 
topographic highs during much of the U. Cretaceous sedi-
mentation. 
Eocene (Danian): This period marks the onset of a major 
Tertiary event in many parts of Greece. As this study 
shows, however,' there were no thermal effects in the 
Thessaly massif, except for frictional heating on major 
thrusts, and this is confirmed by other workers (Frost, 
1976; Derycke and Godfriaux, 1978). The present 
configuration of the nappe pile in Thessaly was formed 
with the Pieria allochthon thrust (possibly from the 
north) upon the iLivadi Schists. The Livadi ultramafic 
rocks were sandwiched between these two sheets, having 
been previously emplaced as remnants of obducted oceanic 
crust upon the Livadi Schists during the L. Cretaceous 
episode (from the Othris zone according to Nance, 1976). 
The Pindos thrusts occurred at this time, though the Othris 
zone was relatively unaffected. 
Eocene (Priabonian): The Pelagonian nappe pile was thrust 
upon the Olympos platform carbonates, as is shown by an 
age of 40my (Barton, 1976) for a phyllite associated with 
the thrusting, and by the presence of L. Eocene fossils in 
the top of the Olympos sequence (Godfriaux, 1970). 
Oligocene: The Almopias thrust sheets were formed at this 
time, or possibly slightly earlier, by stacking up of the 
sheets (previously described) from the north-east (Mercier, 
1968; Godfriaux and Mercier, 1964). Likewise the Vermion 
nappe of Albian limestones was thrust upon the Vermion U. 
Cretaceous sequence (Brunn, 1959; Braud, 1967). Thereafter 
the area was uplifted and subaerial erosion began which 
formed the present-day topography. 
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The position of the Olympos carbonate in this scheme 
of events is as yet unresolved. The platform shows a 
continuous carbonate succession from the Triassic to the 
U. Cretaceous (Godfriaux, 1970) and is interpreted by 
Godfriaux as being a window in the Pelagonian sheet reveal-
ing rocks belonging to the Gavrovo zone (Fleury and 
Godfriaux, 1974). However, as Barton (1975b) has pointed 
out, this interpretation implies transport of over 300km 
for the Pindos pelagic sediments from north-east of Olympos 
to their present position. Barton has also adduced structural 
evidence for a north-east directed emplacement vector of the 
Pelagonian metamorphic rocks upon the platform carbonates. 
In this interpretation therefore Olympos would always have 
lain to the north-east of the Pelagonian zone, which would 
imply continuous Mesozoic carbonate sedimentation in the 
Vardar zone. This is also difficult to explain, since the 
platform must then have been distant from the Pelagonian 
zone during the L. Cretaceous tectonic episode and have been 
separated from it by a sediment trap, and yet have been near 
enough to have been overthrust in the early Tertiary, the 
sediment trap being conveniently buried by the overthrusting. 
These problems are outside the scope of this study however. 
Summary 
The work described in this thesis has thus contributed 
the following items to the current knowledge of the Pelagonian 
zone of the Hellenides:- 
1. 	The High Pieria mountains are composed of thrust 
sheets stacked up in L. Cretaceous times. 
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The sheets are composed of pre-Cretaceous igneous 
and sedimentary rocks deformed and metamorphosed by a 
L. Cretaceous tectonic event dated at 120±3my, the most 
extensive sheet being the Pieria Granodiorite which 
crystallised 302+5my ago. 
The Tertiary event which has so strongly affected 
the Vardar zone to the north-east and the more distant 
Pindos zone to the south-west has been limited to major 
thrusting in the N. Thessaly massif, during which the 
Pieria allochthon was thrust, with the Livadi sheet and 
the circum-Olympos sheet, upon the Olyrnpos carbonates. 
APPENDIX A 
Statistical evaluation of structural data 
The statistical tests available for dealing with 
spherical distributions (i.e. directional data in three 
dimensions) are not as numerous, or as highly developed, 
as those for dealing with scalar quantities. Various 
tests are described by Mardia (1972) of which those using 
the Dimroth-Watson and Bingham distributions are applicable 
to axial data. Axes are lines in space which do not have 
a particular sense associated with them. The data may be 
treated as distributions of the points of intersection of 
the measured axes with the surface of a sphere. In the 
case of the structural elements which I am considering, 
there is no distinction between the "up" and ttdo\vnvt senses 
of the axes. Thus for a lower hemisphere stereographic 
projection, the distribution can be represented as one on 
a complete sphere in which the same probability is assigned 
to the associated diametrically opposite points in the 
upper hemisphere. Bingham's distribution (Bingham, 1964) 
is a very general spherical distribution which is applicable 
to rotationally symmetric distributions. In the case of a 
symmetric bipolar distribution, Bingham's distribution 
reduces to the less general Dimroth-Watson distribution. 
A girdle distribution may be characterised as having 
three principal planes, one being the plane of the girdle, 
a second being perpendicular to the girdle but passing 
through the maximum density point of the distribution, and 
a third being perpendicular to the first two. The inter-
sections of these three planes define three principal axes. 
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Mardia (1972) shows that the distribution can be described 
by a symmetric 3 by 3 matrix T of which the three elgen-
vectors correspond to the principal axes. The three 
associated eigenvectors correspond to principal values 
which are measures of the mean likelihood estimate of the 
concentration parameter (analogous to variance) of the 
distribution about the related principal axis. A bipolar 
(or unimodal in lower hemisphere projection) distribution 
may be treated similarly, as a special case of a girdle 
which is rotationally symmetrical about the maximum of the 
distribution. 
The matrix T can easily be obtained from the dip and 
azimuth of the data under analysis. A matrix D of direction 
cosines is formed of the cosines of the angles made by each 
direction with north, east and down, these angles being 
measured on a stereonet. The matrix D is pre-multiplied by 
its transpose D' to give T = B' .D. The eigenvalues and 
eigenvectors of T can then be found either "manually" by 
an iteration method starting from a chosen likely value of 
an eigenvector, or by computer methods. Associated with 
the eigenvectors are (generally non-circular) cones of 
confidence whose semi-apical angles in various orientations 
can be calculated. 
In the case of a girdle distribution, the minimum 
eigenvector is the normal to the best-fit great circle to 
the girdle. In the case of a bipolar distribution, the 
maximum eigenvector is the calculated mean axis of the 
point distribution. The cones of confidence shown on the 
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stereographic plots in the text are plotted about the 
maximum or minimum eigenvectors as appropriate. The cones 
about the other eigenvectors may be very large, since the 
form of the distribution does not control their orientation 
so closely. 
The calculation of the eigenvectors and eigenvalues 
was made by a computer program, the output of which is 
at the end of this appendix. Where the semi-apical angles 
of the confidence cones are blank, that part of the cone 
is not within the plot. 
The question of the effect of the sample size is 
difficult to assess. According to Mardia (op. cit., p.277), 
the probability function for a uniform distribution for 
small samples is not known. A Monte Carlo simulation 
study by Gine, reported by Dudley, Perkins and Gine (1975), 
showed that for 3000 samples of size 30 each, the proportion 
of the samples for which the Bingham test statistic was 
greater than or equal to chi-squared with 5 degrees of 
freedom was close to unity at the 99% confidence level. 
Dudley et al. conclude that the Bingham distribution is 
applicable to sample sizes greater than 30 at this confid-
ence level. It seems reasonable to infer that, at the 95% 
confidence levels used in plotting cones of confidence 
here, this proposition remains true to rather lower sample 
sizes. It appears likely from the results obtained here 
that small may be taken to mean fewer than 20. A fundamentally 
different form of the distribution for small samples might 
be expected to yield results strikingly at variance with 
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the raw data. In view of these considerations, the cones 
of confidence for the data are only plotted where there 
are more than 2,0 points. 
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FISHER VARIANCE RATIO: 8,02, 	CONFIDENCE LEVEL: 0.99 
SEMI-APICAL ANGLES: 
F3: 	0 	10 	20 	30 	40 	50 	60 	70 	80 	90 
A: 
11 P LJ1:S 	F? AXIAL PLAES AND 52, DH ASK ION 
A T P I X '1' 
?.'i653i 	ç 	—3.7905 	—1 2.6728' 	—1 
3(9r5 —i 1.2754@ 0 —6.1079' 	—1 
2.6(? 	—1 	—4.1C79@ 	—1 (.1593P 0 
: 	 2.19541 	1 
E1GE—VALUES 	AND 	VECTORS 	('i, E, 	D) 
1.1543 	 76 	15 	87 
165 16 35 
7.2O65 	 94 	6 
BIPOLAR 	CASE 
C0NFItECE 	CONES 	FOR 	MINIMUM EIGEN — VECTOR: 
FISHER 	V1P I 4:CE 	RATIO: 	4.26, CONFIDENCE 	LEVEL: 0.95 
SEI—APICAL 	YGLES 
0 	10 20 	30 	40 50 	60 	(0 	80 9C 
51 55 	4.1 40 35 31 23 26 25 25 
or 
FISHER 	VAPIA10E'RATIO; 	8.02, CONFIDENCE 	LEVEL: 0.99 
SEMI—APICAL 	ANGLES: 
0 	10 20 	30 	40 50 	60 	(0 	80 90 
A; 	 62 51 45 40 38 36 36 
CONFInENCE 	CONES 	FOR 	M.XIMU.l EIGENVECToR: 
FISHER 	VARIANCE 	RATIO: 	4.26, CO!FIDENCE 	LEVEL: 0.95 
SEMIAPIC.AL 	ANGLES: 
0 	10 20 	30 	40 50 	60 	10 	80 90 
A: 
FISHER VARIA'CE RATIO; 6.02, 	CONFIDENCE LEVEL; 0.99 
SEMIAPICAL ANGLES: 
C) 	10 	20 	30 	40 	50 	60 	(0 	80 	90 
.3 PL A5 - F? 	X1AL PLANES AND 52. KATAPHYGION 
:/\TPIX 	'1' 
1.59561 	0 —9.2O.c 0 
4.6133oT C 5.4226 0 
5.i.22i1 	C 3.036S2 1 
)1TEQ 4 I' 1 N1: 	5.5252 	2 
EIE-VALUES 	/r) 	VECTORS 	(N, E, 	) 
34?XiJ 	'; 	75 	22 	74 
4.O102 25 110 75 
3.4962l 	1 	110 	101 	23 
OIrOLAP 	CASE 
C1rFlrENCE 	CONES 	FOR 	MINIMUM EIGEN—VECTOR: 
FI5}$FP 	VARIIUICE 	PATIO: 	3.23, CONFIDENCE LEVEL: 0.95 
SET —.PI CAL 	AUJGLE5; 
C) 	1G 20 	30 	40 50 	60 	10 80 9Q 
A: 	42 30 	20 14 11 10 9 8 8 8 
FISHER 	VARIAC[ 	RATIO: 	5.16, CONFIDENCE LEVEL; 0.99 
SEt' TAPI CAL 	ANGLES: 
0 	10 20 	30 	40 5) 	60 	10 80 9c 
A: 	59 40 	25 18 15 12 11 10 10 10 
C(PIFIENCE 	CONES 	FOR 	MAXIMUM EIGEN—VECTOR; 
FISHER 	VARIANCE 	RATIO; 	3.23, CONFIDENCE LEVEL: 0.95 
SPIT—APICAL 	ANGLES: 
0 	10 20 	30 	40 50 	60 	10 80 90 
A: 	25 25 	25 25 25 25 25 25 25 25 
FISHER 	VARIANCE RATIO: 5.16, 	CONFIDENCE LEVEL: 0.99 
SE"I—APICAL ANGLES: 
	
0 	10 	20 	30 	40 	50 	60 	70 	80 	90 
A,: 	33 3333 32 32 32 32 32 32 32 
17 LINES - POLLS TO 12 AAIAL PLANES AND S2 MAVRONEI. 
'ATRjx 	'1' 
C —6.1620 	—1 —2.4315&i 0 
—6.16?C--1 2 .1 71 Z@ 0 —1.1117' 0 
—2.4315 	0 —1 . 1 117@ 	0 96' C 
['ETEP'INArIT: .9302 	1 
EJ ( E , —VALtJES AN!) 	VECTORS 	(N, E, 	0) 
0 75 	21 	76 
5.1319 	0 35 11") 62 
1 	Ull 5 1#@ 	1 121 	95 	32 
IPOLR 	CASE 
C0!FIDENCE 	CONES FOR 	MINJMU.i EIGErJ—VECTOR: 
FISHER 	VRIA:cE PATIO: 	3,68, CO!JFII,ENCE LEVEL: 0.95 
SEflI—APICAL 'NGLES: 
0 	10 20 	30 	40 So 	60 	70 80 9c. 
A: 	30 29 27 25 23 21 20 19 19 18 
FISHEP 	VARIANCE RATIO: 	6,36, CONFInENCE LEVEL: 0.99 
SEt 4 I—API CAL ANGLES: 
0 	10 20 	30 	40 SU 	60 	70 80 90 
A; 	41 40 37 34 31 29 27 25 25 25 
CONFIDENCE 	CONES FOR 	MAXIMUM EIGEN—VECTOR: 
FISHER 	VARIANCE RATIO; 	3,68, CONFIDENCE LEVEL: 0.95 
SEN I—APICAL ANGLES: 
9: 	0 	10 20 	30 	60 50 	60 	70 80 - 90 
A; 85 80 74 67 62 51 54 52 51 50 
FISHER VARIANCE RATIO: 6.36, 	CONFIDENCE LEVEL: 0.99 
SEll—API CAL ANGLES: 
3: 	0 	10 	20 	30 	40 	50 	60 	70 	80 	9Q 
A: 
14 PLArES - Fl AXIAL PLAIIES, KATAPHYGION. 
ATRIX '1' 
1.9642@ 	0 -6.6294) -Z -1.5159@ 0 
-6.6294 -2 1.1243 0 -2.0710 0 
-1 .5159 	( -?.O71) 0 1 .0912a 1 
DETER"INANT; 1.2623 	1 
FIGErI-VALUES ANC 	VFCTORS (N, E. 	D) 
5,8960i 	-1 73 	22 77 
1.8524@ 0 20 109 85 
1,1558 	1 99 	101 14 
BIPOLAR 	CASE 
CONFIDENCE 	CONES FOR 	MINJMW.1 EIGEN-VECTOR: 
FI5HP 	VARIANCE PATIO; 	39, CONFIDENCE LEVEL: 0.95 
EMI-APICAL ANGLES:  
0 	10 20 	30 40 50 	60 	(0 80 90 
A: 	33 30 24 19 16 14 12 11 11 11 
FISHER 	VARIANCE RATIO: 	6.93, CONFIDENCE LEVEL: 0.99 
SEMI-APICAL ANGLES: 
8: 	0 	10 20 	30 40 50 	60 	70 80 90 
47 41 32 25 21 16 16 15 15 14 
CONFIDENCE 	CONES FOR 	!iAXIUM E IGENVECTOR : 
FISHER 	VARIANCE RATIO: 	3.89, CONFIDENCE LEVEL; 0.95 
SEMI-API CAL ANGLES: 
8: 	0 	10 20 	30 40 50 	60 	70 80 90 
A: 61 61 61 60 59 58 57 56 56 56 
FISHER VARIANCE RATIO: 6.93, 	CONFIDENCE LEVEL: 0,99 
SEMI-APICAL ANGLES: 
8: 	0 	10 	20 	30 	40 	50 	60 	70 	80 	90 
A: 
11 PLANES - Fl AXIAL PLANES, MAVRONERI. 
t1ATPIx "T' 
	
2.7410i 0 	-7.2308 -1 	-3.5638 	0 
-7.230 	-1 4.3089 -1 7.600? -1 
-3.563FYi 7.6002 	-1 	7.8281 	0 
DFTERINAr4T: 2.0138a 	0 
EIGEN-VALUES AND VECTORS (N, E, D) 
2.0049 	1 	67 	23 	85 
1.0279@ 0 37 112 62 
9,771ij 	0 	ii? 	84 	28 
BIPOLAR CASE 
CONFIDENCE CONES FOR MINIMUM EIGEN-VECTOR: 
FISHER VARIANCE RATIO; 4,26, 	CONFIDENCE LEVEL: 0.95 
S C ri I-APICAL 4 !iG LE 5: 
0 	10 	20 	30 	40 	50 	on 	10 	80 	9C 
A: 	29 25 19 15 12 10 9 9 8 8 
FISHER VARIANCE RATIO: 8.02, 	CONFIDENCE LEVEL: 0.99 
SEMI-APICAL ANGLES 
0 	10 	20 30 40 50 	60 	70 80 90 
A; 	41 35 26 20 16 14 13 12 11 11 
CONFIDENCE 	CONES 	FOR MAXIMUM EIGEN-VECTOR; 
FISHER 	VARIANCE 	RATIO; 4.26, CONFIDENCE LEVEL: 0.95 
SEMI-API CAL 	ANGLES; 
E3: 	0 	10 20 30 40 50 	60 	10 80 90 
A: 83 81 80 79 
FISHER VARIANCE RATIO: 8.02, 	CONFIDENCE LEVEL: 0.99 
SEMI-API CAL ANGLES; 
0 	10 	20 	30 	40 	50 	60 	70 	80 	90 
A: 
33 LIJES - PLUNGE OF CPENIJLAT IONS ON Si, MAVRONERI 
1TPIX 'T' 
2.1938 	1 	-6,8260 	0 	7.9701a 0 
-6.?260 0 .6400 0 -3.2549' 9 
7.9101 	0 	-3.2549) 	0 	7.6218 	0 
01TER.4 INArJT: 6.3386) 	2 
EIGEFJ-VALUES AND VECTORS (N, E, D) 
3.P, ?76@ 	0 	112 	84 	23 
5.7644 0 68 22 87 
2.8358@ 	1 	31 	111 	68 
BIPOLAR CASE 
CONFIDENCE CONES FOR MINIMUM EIGENVECTOR: 
FISHER VARIANCE RATIO: 3.26, 	CONFIDENCE LEVEL: 0.95 
'EllI-API CAL ANGLES: 
H: 	0 	10 	20 	30 	40 	50 	60 	/0 	80 	90 
A; 38 32 23 18 14 12 11 10 10 10 
FISHER VARIANCE RATIO: 5.25, 	CONFIDENCE LEVEL: 0.99 
SEMI-APICAL ANGLES: 
0 	10 	20 30 40 50 60 	70 80 90 
A: 	51 42 30 23 19 16 14 13 13 12 
CONFIDENCE 	CONES 	FOR MAXIMUM EIGEN-VECTOR: 
FISHER 	VARIANCE 	RATIO: 3.26, CONFIDENCE LEVEL: 0.95 
SEN 1-API L 	ANGLES:  
0 	10 20 30 40 50 60 	70 80 90 
A: 	28 28 	28 28 28 28 28 27 27 27 
FISHER VARIANCE RATIO: 3.25, 	CONFIDENCE LEVEL: 0,99 
SEMI-APICAL ANGLES: 
0 	10 	20 	30 	40 	50 	60 	/0 	80 	90 
A: 	37 37 37 37 36 36 36 36 36 36 
	
V R 	C: 
I ,- I 
/: 	1 	-1.264) 	C 	-2e21.3) 	1 
)_. 	'c J 	 )..I•..IIC Ii 
1 	 I 39139. 	1 
T : 	1 .1 'j3:._ 	3 
t6L''TLL3 \.J vCTS (N. 	E, 	•) 
3u 
123 	62 
5135 	1 	12'. 	 31 
' I Pd 	CISL 
F'10 r1'ch Cc.;cs FU' ThJI 1 WI EI;r'-VLCTtR: 
U1:IE 	'I;iCE 	Tt( 1 : 3 	, 	C:iI;ECE LEVEL: 0.c 
SI-iPIL .AhLES: 
3 	'0 	SC 	60 	7 	'o 	9, 
1' 	12 9 ' 7 6 
FIs.IR 'J,11 Ai: CE r1.TIC: 4.93, 	CON FIDE.CC LEVEL: o.cc 
S: 1 'J-APIL,"L /GLES: 
'IC 2 30 40 50 6 10 ;30 90 
117 22 15 12 10 a 8 
CF1L)E:CL CC , iE3 FOR XI 4 Wl EIGE-VECr0R: 
F1SlER V,'.iI ANC E 	I',\fIO: 3q15. CCNFI!)ECE LEVEL: 0.95 
SE1-AP I CAL •JGLES; 
C 1C 2 30 40 50 60 73 P. 0 90 
2C 2) 2) 20 20 2') 20 20 20 2o 
F i SR V,P i.'.CE TIO : 4.9, CONF I DENCE LEVEL: 
SI-APICL iGLES: 
i 2 3C 40 5  6  7 G, p 0 90 
1: p 4-c 26 26 26 26 26 2 2 
,1- 	r: 	F 	Si 	\i 
I 	I 
• 	.6 	1 	 j 	 U 
• - 	I.:.T: 	5.1 	.2JJ 	2 
- /3;.' 	C 	7. 	28 	71 
	
114 7 . ; 
J.;L.1r 	1 22 
iL;' 	CI'SL 
C. 	 CiJ1S F:, 	INIu.1 rIGEn—VECTJ: 
'J.,.j.y.CE',,TIC: 3.20. 	CcF1DEUCE LEVEL: 	.95 
L IGLL: 
C 	1 	2 	3.) 	60 	5') 	á1 	7 0 	O 
1'. 13 1.i / a a 5 5 	5 
V,PICE rTI'J: 5.10. 	CONFIDENCE LEVEL: 0.99 
.1—;iPICi, L 1 GLE: 
3: 10 	2 30 40 5C 	6 	TO ?C ;n 
lô 13 11 9 J 7 7 6 
C.;IjFCL CCNES 	FOR 11AXI(JM EIGE:J—VEC TOR : 
1jS;jF V,\II.UCE 	RATIO: 3.20. CONFIDENCE LEVEL: 0.95 
Sj—\PIC,\L AJGLES: 
0 1C 	20 30 40 50 	60 	70 80 90 
1: 21 24 24 24 23 23 23 23 23 22 
1js,.-; V;I\i.CE PATIO: 5.10, 	Cc.FIDENCE LEVEL: 0.99 
rI—;\PIC.L PGLES 
3U 	46 	Y 	6 	 8 0 	90 
31 	31 	31 	30 3 3') 29 29 	29 29 
T 	I'll A1Y F L I T I 	r UIASKIO 
1 1.)5id 0 1.1935: 1 
-, 	''• • J r 	r' ). i01,r: 1. 
• 1'L_ 	1 .?(i.i 01 D.29' 1  1 
t1••I• (.7  
L .; L :-V.LLE3 1LJ 	VTCTRS (;, L, 	) 
t. 
 • . 	5 7 6 	C 39 	1 / 
_241. 1 1 7 91 
.'_55C2L 	1 11 
L 	iiJL\ 	CiSt 
C;iI0E.L 	C'.L FUR 	IJIJfl E1G-VL- CTOP: 
FI3;jFU 	'I;!LU.CE ,T 	G; 	3.3, CLJJFU)ENCE LLVEL: 0.95 
rI-7.rIc/;L .nLL: 
F3: 	• 	L) 30 40 5 	0 	70 30 90 
A: 14 i' 7 6 5 5 4 4 
ShER 	vARI,\UCE flArlO: 	4 , C.FIDE:CE LEVEL: 0.99 
i 	; - Ai -  ' I CA L i Gi LS 
J 	1) 2i 	3fl 40 5) 	60 	70 O 90 
A: 	17 15 11 9 7 6 6 5 5 c 
COrFUiENCL 	CCES FOR 	MAXIMU1 EIGEFI - VECTOR: 
F1SER 	VARIANCE RATIO: 	3.03, CONFIDENCE LEVEL: 0.95 
S Ci' j-AP IC 	L A 	G L ES: 
'd: 	0 13 20 	30 40 50 	ÔC 	70 80 90 
1: 15 	15 15 15 15 15 15 15 15 15 
FISIFR V.kIACE RATIO: 4.32. 	Cm S FIDE.*ICE LEVEL: o.cc 
,)T'I 
)L1 I\i JL 
1' 	23 	30 	40 	50 	60 	70 	0 	90 
13 19 19 19 19 19 1 
- 	.L t 	I 	rJRY i.1,riCri I\J 	I 	S!i.TA 
1 
1 	 0 	—1.742C: 	1 
_384. —1 
	
—: ..'/•• 	I 	—.:4.. —1 	 _6156J 	I 
T 	- 	 - 
 
-S -' 	- '4 _) 
LE 1 .'dlLUL.J ,;., 	fliCT•.tS 	(N, c, 
- 	 C 37 	 77 
• .'/C 	1 5;' 1 "46 
- 	7 
CS[ 
C:FLtE 	C;2E3 F(;i 	1iIJM EIE'i4—VEC lOP: 
V 	A.0 E 	T 1-: 	..12, C;UFIL)ECE 	LEVEL: C.95 
S'j — 	iC -L 	,YGLj: 
2 	3U 	4)  
1: 
 
16 12 10 2 	7 	7 	6 
F!S.;F< 	V,'.n!;\c.CE 	:,, r12; 4.90, CuNFIUENCE LEVIL: 0.99 
SUPI—,\PIC'L 	,;GL:: 
C 	10 2 3 40 50 61) 	? 6 90 
/': 	3d'; 23 	22 15 12 9 3 
C0F1Ji•CE 	CCJES 	IOR MXLMtJM ELGEN—VECTOR: 
FISER 	VMIIANCE 	PATIC: 3.12. CONFIDENCE LEVEL: 0.95 
SCI.' I—API CAL 	'NGLES 
3: 	0 	1 t 	 2  30 40 5) oc' 	70 30 90 
i' : 	iT 12 1c 12 1 13 1 1 1 1 
F-IS 	V,j;JCE 	TIC: /+.9, 	CONFIDENCE LEVEL: 0.99 
L PGLS: 
- 	1 Q. 	30 	 60 	70 	F G 	n 
C 23 	23 23 23 	23 	23 23 23 23 
APPENDIX B 
The U-Pb isotope method of age determination 
This method relies upon the decays of 236U to 206Pb 
and of 2351J to 207Pb. Both these decays occur by a complex 
series of intermediate decays with a variety of daughter 
isotopes and decay types. The half-lives of the parent 
isotopes are both large in relation to those of the inter-
mediate daughter products however (238U - 4.5xlO 9my and 
235U - 7.13x 108my). Thus if the amounts of radiogenic 
207Pb and 206Pb in a mineral are determined, together 
with the amounts of 238U and 235U remaining, the length 
of time which has elapsed since closure of the isotopic 
systems can be calculated. 
The decay of 238U to 206Pb is described by the 
relation: - 
206Pb(present) = 206Pb(initial) + 238U(present)(e t - 1) 
where ). is the decay constant for 238U. 
t is the time since the isotopic system 
became closed. 
A corresponding relation exists for the decay of 
235U to 207Pb. 
In practice, the ratios of the different isotopes 
to 204Pb are determined, so that these equations are 
divided by 204Pb to give similar relations in terms of 
the ratios. 
If the U and Pb isotopic systems of a mineral closed 
at the same time, then the age of the mineral by the 
238U/206Pb system will be the same as that by the 
235U/206Pb system. Wetherill (1956a, b) showed that the 
plot of these two ratios against each other is a smooth 
curve which he named the Concordia, any point on which 
represents a particular age. There are various ways in 
which lead may be lost from an isotopic system, such as 
episodic bulk loss, recent bulk loss, and continuous 
diffusion loss, all of which cause the data points for 
t 	samples to plot off the Concordia. In the case of 
any bulk loss, the data will plot on a straight line which 
intersects the Concordia in two points, the upper inter-
section being at the original date of closure of the 
systems, and the lower intersection being at the date of 
the bulk loss. These problems are not discussed further 
here since the data points obtained in this study are 
essentially concordant. 
Zircons extracted from the samples were used for 
the isotopic analyses. The main advantages of analysing 
zircons are:- 
They have a very low content of common lead so that 
the composition of the incorporated common lead has 
very little effect on the calculated age. 
They can give original crystallisation ages despite 
subsequent metamorphism of the rock. 
They can also give the age of metamorphism if a 
linearly discordant spread of data points is found. 
The Rb-Sr isotope method of age determination 
The method uses the beta-decay of 87Rb into 875r as 
ccc :acis. There is still considerable disagreement over 
--c 7Th ci The dccc -; c:nctart fir t}ii ircc, becaca;e 
- i_i_i - 
the very small constant (about 1.4 x 10_11  per year) for 
the decay makes accurate determinations difficult. A 
value of 1.39 x 10_
11  (Aldrich et al., 1956) is used here, 
since this is the value in most common use. The value 
was obtained by comparison with data from U-Pb analyses 
on the same geological samples. 
Strontium has four natural isotopes, with mass numbers 
84, 86, 87 and 88, of which 87 is derived from the decay 
of 87Rb and the others are constant over time. Rubidium 
has two natural isotopes, mass numbers 85 and 87, of which 
85 is constant over time and 87 suffers radioactive decay. 
Thus the 873r content of a rock or mineral is that originally 
incorporated in it at the time of its formation, plus the 
875r derived from the decay of any 87Rb originally present. 
The decay of the 87Rb is described by the equation:- 
87Sr(present) = 87Sr(initial) + 87Rb(present)(et _ 1) 
where ). is the decay constant for 87Rb 
t is the time since the isotopic system closed. 
In practice, the ratios of the different isotopes to 
863r are measured, so that this equation is divided by 86Sr. 
The resulting linear equation in the present-day ratios of 
87Rb/86Sr and 87Sr/86Sr may be represented graphically. The 
straight line is known as an isochron (Nicolaysen, 1961), 
and its gradient is given by the term (eu - 1). Thus given 
the gradient from the graph and the decay constant, the 
vaue of t may easily be calculated. 
If the isotopic systems of metamorphic rocks or minerals 
beassumed to have closed during relaxation of the thermal 
- iv - 
regime which produced the metamorphism, then determination 
of t by measuring the present-day Rb and Sr isotopic ratios 
will give a minimum age for the metamorphic event. 
The isotope dilution technique 
The isotope dilution method of analysing very small 
quantities of isotopes (Inghram, 1954) was used to obtain 
'the desired analytical precision. This technique depends 
upon the addition to a known amount of the sample of a 
"spike" solution of the element to be determined which is 
enriched in one of the isotopes. The spikes used for the 
analyses described here were enriched in 206Pb, 235U, 87Rb 
•nd 843r. The quantities of spike and sample are chosen 
so that the ratios of the resulting mixture which are to 
be measured are in the range of optimum analytical precision. 
Knowing the weights of sample and spike, and the isotopic 
ratio of the spike, the isotopic composition of the sample 
can be calculated, and hence the required ratios evaluated. 
Mineral separations 
The zircons for the U-Pb analysis were extracted from 
the samples by crushing in a jaw crusher and then in a 
rotary grinder, followed by heavy mineral separation using 
a Wilfley water table. The heavy fraction was dried, and 
then the larger feldspars and quartz grains were floated 
off in tetrabromomethane. After washing and drying, the 
heavy fraction was passed four times through a Frantz 
magnetic separator, removing metal fragments, epidote, 
magnetite and sphene. Tetrabromomethane and methylene 
iodide were then used to float off the fines of the light 
- v - 
I minerals and apatite, after which the sample was boiled 
in 10% nitric acid for an hour to remove any adhering 
iron ores. Finally the dried sample was passed through 
the Frantz separator again at a high current to remove 
the remaining sphere grains. 
The sample was then sieved into six size fractions 
from +142microns to -45microns, and these fractions were 
each further divided by magnetic separation at high currents 
and 4 angles of tilt from 1 to 8 degrees, giving five 
fractions for each size range. 
In the case of the foliated granodiorite (RC999Y341), 
the non-magnetic and two least magnetic fractions were 
impure and contained significant amounts of ephene. They 
were therefore recombined and the sphene was floated off 
in Clerici solution evaporated down until a corundum test 
crystal just floated. The heavy fraction was recovered, 
washed in dilute nitric acid and distilled water, and sized 
and separated as before. 
The minerals for Rb-Sr analysis were obtained by 
various combinations of heavy liquid and magnetic techniques 
on rock powders ground to a fineness appropriate to the 
grain size in a Tema mill. Whole rock samples were ground 
to a grain size of less than 75microns (200 mesh). 
Preparation of samples for analysis 
The zircon samples selected for analysis were those 
weighing over 0.1gm, and were the three smallest non-magnetic 
fractions for RC998 and the next-to-smallest non-magnetic 
fraction for RC999. The selected fractions were hand-picked 
- vi - 
 to a purity of greater than 99%. The chemistry followed 
the method of Krogh (1973) and was performed by Dr. M. 
Af -talion. The method will not be described further here. 
The samples for Rb-Sr analysis were weighed out into 
PTFE beakers containing an appropriate spike for the iso- 
tope dilution technique. Between 5 and lOmi of HF was 
added, 	the sample was left overnight at 180 ° C to 200 ° C, 
and then evaporated to dryness. The sample was then boiled 
for three to four hours in 5 to 10m1 of nitric acid at 
200 ° C, and then evaporated to dryness again. The sample 
was taken up in 5 to lOml of 2.5N hydrochloric acid, evap-
orated down to 1 to 2 ml, and centrifuged to remove any 
particulate residue which might otherwise be transferred 
to and contaminate the ion-exchange columns. The sample 
was then placed on the columns, and eluted through with 
2.5N hydrochloric acid, and the Rb and then Sr was collected 
in clean beakers and evaporated to dryness. 
Mass spectrometry 
The mass spectrometer used for the analyses is an 
A.E.I. G.E.C. MS12, 12 inch radius, 90 ° sector solid source 
machine. Lead was loaded on a single rhenium filament as 
phosphate onsilica gel, and uranium also as phosphate with 
tantalum oxide on a tungsten filament. Rubidium was loaded 
with distilled water on the central fLlament of a triple 
tantalum filament bead, whilst strontium was mounted with 
weak phosphoric acid on a single tantalum filament. 
The spectrometer scans the peaks under the control of 
an automatic peak switching program, and the data for a set 
-vii - 
of scans is evaluated with an on-line Nova computer. 
Each set of scans consists of ten measurements of each 
peak, and a percentage error of 0.05 or less for each set 
was considered acceptable. 
The on-line computer calculates the required ratios, 
and corrects the 87Sr/86Sr for 87Rb. A separate program 
performs the isotope dilution calculation, and evaluates 
the 87Rb/86Sr and 87Sr/86Sr by making allowance for the 
85Rb, 86Sr, 87Sr and 88Sr present in the spikes. Absolute 
amounts of Rb and Sr are also determined. 
General 
The data from the U-Pb analyses has already been 
reported (Yarwood and Aftalion, 1976), but is reproduced 
here as Table El. Uncertainties in the 207Pb/206Pb and 
206Fb/238U ratios are ±0•4%  or less, and in the 207Pb/235U 
ratio ±0.6% or less (both at the 2 level). 
The data from the Rb-Sr analyses are presented in 
Table E2. Uncertainty in the 87Sr/86Sr ratio is ±0.00074 
(absolute value at 2er level i.e. about o.i%), and in the 
87Rb/86Sr ratio ±1.4% at 2level. 
The errors are based upon a large number of replicate 
analyses by other workers in the Isotope Geology Unit at the 
Scottish Universities Research & Reactor Centre and are 
assigned at the levels indicated to all the results. 
Preparation of the spikes and determinations of spike 
compositions, assessment of error in the procedures, and 
the programming of the mass spectrometer controlling computer 
were done by members of the staff of the Unit. 
4, 
Sample 	Radio- 	u 	
206 P 	Radiogenic lead 	 Atomic ratios 	 Apparent ages * genic in atom percent __ 	(millions of years) 
Pb 	 204Pb 207 	207
207Pb 	206 207207Pb 	207 	206206Pb 
(ppm) 	(ppm) 	 206 	207 	208 	206  P 	235U 	238U 	206 P 235 U 	238U 
RC998 (Y241) 
a. 	-106+841 42.5 882 7092 86.04 4.556 9.403 0.05295 0.3521 0.04823 327 306 304 
b. 	-61+45p 51.3 1012 9697 84.49 4.439 11.07 0.05254 0.3437 0.04744 309 300 299 
c. 	-45,zj 51.3 1050 12987 83.56 4.393 12.05 0.05257 0.3436 0.04740 310 300 299 
RC999 (Y341) 
-61+4 22.5 485 3846 85.07 4.527 10.40 0.05322 0.3373 0.04597 338 296 290 
* Calculated using the following constants: 235U/238U = l/l37.88,238 = 1.551 x 1010  yr 	
235u = 9.849 x 10 	yr 
10 -1 
The common lead correction used was: 
206Pb/ 204Pb = 18.1 , 207Pb/ 204Pb = 15.5 , 208Pb/ 204Pb = 36.8 
TABLE BI - Zircon U-Pb isotopic analyses from the Kataphygion granite _  
TABLE B2 	Rb-Sr isotopic analyses 
Sample 87Rb/86Sr 87Sr/86Sr 'PPM ppm 
Y289 whole rock 79.3 406.3 0.5648 0.71067 
Y289 epidote 12.7 3366.9 0.0109 0.70913 
Y289 plagioclase 12.7 78.6 0.4666 0.71094 
Y289 muscovite 321.7 75.3 12.3897 0.72987 
Y341 whole rock 117.7 439.9 0.7746 0.71114 
Y341 epidote 19.2 3160.4 0.0176 0.70979 
Y341 plagioclase 13.6 63.3 0.6206 0.71206 
Y341 muscovite 380.4 53.0 20.8291 0.74579 
Y426 whole rock 162.8 296.2 1.5912 0.71397 
Y426 epidote 35.1 4152.4 0.2447 0.71098 
Y426 plagioclase 41.4 73.4 1.6346 0.71421 
Y426 muscovite 532.3 54.0 28.6196 0.75231 
APPENDIX C 
Late igneous intrusive activity 
The unfoliated dolerite intruded into the Melissopetra 
Amphibolites (see page 13) is indicative of a post-tectonic 
intrusive episode in this part of the Pieria. The Melisso-
petra valley where this intrusion is found is the line of 
a major fault, and it appears possible that the magma 
exploited this line of weakness, enabling the dolerite to 
be intruded at a shallow crustal level. 
In addition to the dolerite, igneous rocks with the 
sodic amphibole aegirine-augite were observed at the west-
ern end of the Melissopetra valley, and on the line of the 
major north-east/south-west fault south of Dhaskion in the 
valley of the Tranos Lakkos River. These rocks are medium 
grained weakly foliated intrusive rocks, with a foliation 
defined by phengitic muscovite and occasional flakes of 
biotite. The foliation passes round large saussuritised 
albite grains, set in a matrix of microcrystalline quartz 
and alkali feldspar. Scattered small epidote and apatite 
grains are present. 
In view of the very limited outcrop of these rock types, 
they have not been investigated further. It seems that they 
may be related to the Tertiary igneous activity in the Vardar 
zone recorded by Mercier (1968). Tintectonised basic intrusive 
material is also present in the Almopias zone rocks north-
east of the village of Lefkopetra (own observations). 
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Field relations and U-Pb geochronology of a granite 
from the Pelagonian zone of the Hellenides 
(High Pieria, Greece) 
by GEorFnly A. \AH\\UOl ) * and MARGABET AI"TALIUN ** 
A hslracl. -- Recent work on [ lie internal structure and held relations of the Nataphvgion Granite (High Pieria Mountains. 
Greece) in the J'elagonian zone of tile I lellenides has shown that the granite has been sahj!'eted to at least two post-emplacement 
phases of deformation and metamorphism. The work also shows that the granite body is underlain to the north-west, west and 
- south by strongly deformed metaseclj nients and is allochtonous. 
U-Pb isotopic analysis of three zircon size fractions extracted from a sample of massive granite gives a concordant age 
for all the fractions of 302 ± 5 niv. One zircon analysis from a sample of deformed granite is slightly discordant, but appears to 
have the same age. Possible correlations between the two subsequent deformation episodes and radiometririillv dated events in 
acljac.'nt areasare presented. 
Relations de terrain et géochronologie U-Pb d'un granite de la zone pelagonienne des Hellénides 
(Hautes Pieria, Grèce) 
Ilisu,ne. - 	Un travail rcent sur la structure intense et k's relations de terrain thu granite de Kataphvgi (1-mutes Pieria, 
Grcc) clans la zone pelagonieniie a mon trë que Ic granite a subi nu moms deux phases (Ic déforniat ion et de intitnurphisnse nprès 
sa misc en place. Le travail montre egalernent que Ic massif granitique repose stir des sediments fortement déformés ci tnétainorphisés. 
all Nord-Ouest. i l'Ouest et au Sod et que Ic granite est allochtone 
L'analvse des isotopes (-Pb de trois fractions calibrécs (Ic zircon extraites duit échaiitillon tie granite rnassif donne des 
ilges concordints dc 302 5 millions d'années. Une analyse des zircons dun échantiilon tie granite défoi'mé est légéreinent discor-
(halite niais l'tige est appareniment Ic nlême. Des corrélalioiss possibles entre les detix episodes de cléforniatiotu et les Cvétiements 
ditCs radiomélriquernent (tails les regions voisines sont proposérs. 
L 
St 
LOCALITY AND TOPOGRAPHY. 
'l'hc Kataphygion granite lies about 25 kin north-
vest of Olympus. It forms a large mass about 
10 by 12 km in outcrop area and forms the main 
ridge of the 1-ugh Pieria Mountains in southern 
Macedonia. The ridge reaches an altitude of 2 194 m 
(fig. 1). The granite lies within the Pelagonian zone 
of the 1-lellenides and was first described liv God-
fçiaux ( 1968j who niapped it on a scale of 1 1 100 . 000 . 
Tin, Glt.\NITE. 
The granite shows a range of mineral assem-
blages : the non-felsic component may be either 
Motile or biotite -- hornblende and the proportion 
of plagioclase in the total feldspar varies from 
25 °. (granite) to 50 (adamtllite). Transitions 
between these types are typically gradational over 
distances of several hundreds of metres. There are 
also local heterogeneous patches up to a few metres 
Bull. Soc. qéol. Fr., 1976, no 2. 
across which strongly suggest partial assimilation 
of granitic rocks from an earlier part of the intrusive 
episode. Xenoliths of tonalite and of the schistose 
country rocks also occur. A wide variety of meta-
morphic schists outcrop around the granite. The 
term granite as used here encompasses a variety 
of rock types of unfoliated granitic texture, with 
the compositional range just mentioned. 
Although a large proportion of the granite outcrop crop 
shows typical equigranular granitic texture, there 
are quite extensive areas within the granite which 
have been strongly deformed. These areas are not 
confined to the margins of the body and appear 
to be distinct gently inclined zones, tip to 500 in 
* Grant Institute of Geology. Univ. of Edinburgh, West 
Mains Road. Edinburgh. El-TO 3.JW. Scotland. 
** Scottish Univ. Research and Reactor C?ntre, National 
Engineering Laboratories, East Kilbride, Glasgow, G75 OQU, 
Scotland. 
Note présentée an eolloque du br  au 3 fCvrier 1975 















FIG. 1. - - Map showing the locality of the Kalaphvgion 
Granite in the High Pieria Mountains, Greece. 
thick and several kms long within undefornwd 
granite. 
The two major episodes of deformation in these 
ZOUCS are recorded 1w the presence of a well-developed 
early schistositv which has been subsequently 
folded, with the imposition of a second cleavage. 
The early schistositv is formed of white micas and 
(less coniinonlv) of chlorite and biotite, in a preferred 
orientation as a result of syndefonnational meta-
morphism. The second cleavage is only sporadically 
developed, and takes the form of a crenulation 
cleavage which is superimposed upon the first 
schist osit. 
Where the granite is undeformed the aplite and 
pegmatite sheets are randomly oriented. During 
deformation, however, they have been rotated to 
become sub-parallel to each other and to the first 
schistositv. Subsequently, the second deformation 
has folded these layers and the first schistosity into 
tight to isoclinal similar folds. 
During the first deformation phase, a meta-
morphic recrystallisation occurred in which the 
most striking change was the destruction of hiotite 
and the development of phengitic mica and epidote. 
The rocks within the deformation zones have been 
metamorphosed into quartz-plagioclase-muscovite-
epidote schists with scattered large K-feldspar 
Bull. Soc. geol. Fr.. 1976, no 2. 
crystals and minor amounts of garnet. Where the 
granite contained original feldspar phenocrvsts, these 
were only partly destroyed by the strong flattening 
and are now seen as augen, made up either of single 
crystals or of aggregates of crystals. The phengitic 
augen schists are the dominant rock type of both 
the deformed zones within the granite and the 
granite margins. 
3. 	MARGINAL RELATIONS. 
The marginal relations of the granite are well 
exposed as a result of the strong topographic relief. 
Detailed mapping of the southern margin of the 
granite (on the north side of the Mavroneri liver' 
valley) shows that the contact surface dips to the 
north at about 30 degrees beneath the granite 1. 
Both the granite and the rnetasedimetits show the 
effects of very strong flattening. Within the granite 
this extends for over 1 000 ni perpendicular to the 
contact surface. Within the metasediments the 
flattening affects a lesser thickness, of about 200 in. 
At the northern boundary of the granite, the 
contact surface dips WSW beneath the granite 
which here also lies on metamorphic schists. The 
strong flattening again affects the granite, increasing 
towards the contact, but here only over a much 
shorter distance than in the south (about 130 m). 
I lowever, the flattening is much more intense and 
the granite is reduced to a very fine-grained, bandej, 
mylonite, with occasional surviving feldspar crystas 
or crystal aggregates. The underlying country rocks 
are mica-feldspar schists and amphiholitcs, with th 
dominant first cleavage essentially parallel to th 
contact 
1. - IMPLICATIONS. 
It is clear from these marginal relations that the 
granite tines not occupy the core of an anticline in 
the country rocks, as previously suggested by 
(Iodfriaux [19681. On the contrary, the contact 
appears to he syimformal, and is clearly the local '0 
of a large amount of strain. The field relations a  
taken to indicate that the granite was thrust int) 
its present position after the magma had solidified-  
This interpretation is supported by the following 
observations: 
Obvious igneous intrusive contact relatioifs 
between the granite and the inetasedinients are 
absent. For example, there are no pegmna tite or 
aplite sheets in the nietasediments. 
There are no relics of a contact metamorphism 
of the inetasedinien ts, which might be expected to 
be partly preserved at the relatively low grade of 
regional metamorphism now shown by these rocks. 
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TABLE 2. -- Ziicon t-l'b isotopic aiialvses from llo katapIiy.aun LCallih ,  
Sample Radio- U 206 P Radiogenic lead Atomic ratios Apparent ages 
* 
genic - in atom percent _____________________ (millions of years) 
Pb Pb 207 P 207 P 206Pb 207Pb 	207Pb 206 Pb 
(ppm) (ppm) 206 	297 208 2 1 iT 
RC998 
a. 	-106+84i 42.5 882 7092 86.04 	4.556 9.403 0.05295 0.3521 0.04823 327 	306 304 
b. 	-61+45,j 51.3 1012 9697 84.49 	4.439 11.07 0.05254 0.3437 0.04744 309 	300 299 
c. 	-45u 51.3 1050 12987 83.56 	4.393 12.05 0.05257 0.3436 0.04740 310 	300 299 
RC999 
-61+4Fi 	22.5 	485 	3846 	85.07 4.527 10.40 	0.05322 0.3373 0.04597 	338 	296 	290 
* Calculated using the following constants: 235U/238U = 1/137.88,;k 238 = 1.551 x 10 	
yr 1,A2350 = 9.849 x 10- 10 yr 1 
The common lead correction used was: 
206Pb/ 204Pb = 18.1 , 207Pb/ 204Pb 	15.5 , 208Pb/ 204Pb = 36.8 
Tiui 3. - Absolute amounts of common lead in sanipl- lU 998 and BC 999 
San)l)ie Sample wI. Total Pb Percent Pb Common Pb 
(grains) (ppm) (radiogen c) (mm nograms) 
RC 991 
a 	106 	- 84 u 0.03234 42.56 99.14 11.9 
b - 	61 45 u 0.04153 48.88 99.38 12.6 
C 	45 u 0.04001 51.27 99.54 9.6 
HC 999 
-- 61 - 	45 u 0.05711 22.54 98.44 20.2 
0 
less and in the 2071)1)11235['  ratio, the uncertainty 
is ± 0.6 or less. 
The results are plotted on a concordia diagram 
in figure 2, wit Ii the indicated error boxes calculated 
using the considerations just mentioned. The appa-
rent ages in tahft 2 and the concordia curve are 
from tables revise(l, using the new decay constants 
for uraniumgiven by .Iafiev ci al. 1 19711, from those 
originally prepared by Stiell el al. 11959 I. The decay 
constants used are listed at the foot of table 2. 
The data points obtained fall in a very close array 
with the largest size fraction of the massive granite 
(11C998 a) indicating a shigh liv older age than the 
two smaller fractions (11008 b. HIC998c ), which 
show indistinguishable results. This slightly older 
age could indicate a last faint relic of the zircon 1* -Pb 
age of the crustal material which was remohilised 
to form the lataphvgion granite. We interpret 
Bull. Soc. qëol. Fr., 1976. no 2. 
this close concordance of the three fractions f 
14,98 as suggesting that the zircon t -Ph svsten S 
formed at 302 -1- 5 ni.y. ago (Wesl phalian Stage ( I 	- 
the tpper (.arboiiiferotis I h larland ci al.. 196.1 
during cooling of the granite Iliagnia. The zirco 
point from the deformed granite (11C999) falls belo v 
hose from the u ndefornied grail ft. indicating a 	- 
(list urbance of the t-f'b systems since closure. Th)s 
(list urbaiice niav be related to the (Ieforniation 
(l)iso(les previously men t iOJle(l. which would have 
proti need increased permeability of the deformed 
zones to solutions, compared wit ii the inassie 
granite. .Alternat iveiv. the metamorphic events 
associated with the (lefolnlata)lIs may have been 
the major contributing factors. I lowever, the single 	- 
point for I C)9) is too close to those of the massive 
granite for any estimate to be attempted of the age 
of a later episodic disturbance. 
66-(CNRS 
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3) If the synformal basal contact of the granite 
were the original intrusive contact with country 
rocks. the first deformation fabric might reasonably 
be expected to be related to the mechanisms of 
iitrusioii and thus to be similar in style and extent 
at both north and south margins. However, as 
j reviouslv described, there is strong asymmetry in 
the deformation between the two areas. 
-/) The deformation zones within the granite are 
inclined at low angles and may be interpreted as 
shear zones related to the postulated thrust plane 
situated at the base of the granite. 
5) The two deformation phases observed within 
Me granite can he related (through fold style, fold 
xis orientation and related lineation orientation) 
U) deformation phases observed in the underlying 
i ietasediments, indicating a close relationship both 
i i space and time between fabrics in the two rock 
nits. The niylonitic fabric appears to be co-eval 
' ith the earliest schistosity in the metasediments. 
5. 	RDIoiE'r1uc DATING. 
\Vith a view to establishing the date of formation 
of the granite, two samples were collected from near 
Iataphvgion. in the centre of the granite outcrop 
(pg. I). The first sample, RC998, is a coarse-grained 
rl)cL with subbedral feldspar phenocrysts, quartz 
a1(l 1)iotite as principal minerals. In thin section, the 
r4.ck is seen to be composed of equidimensional 
c'vstals of orthoclase and sericitised plagioclase each 
of which makes up about 35 of the section. The 
olrthoclasc has inclusions of plagioclase and quartz. 
'lJ'he plagioclase is albitic. Sutured aggregates of 
cuartz crystals occupy about 25 o
,' 
of the section 
and are in the interstices between the feldspar 
c vstals. The undulose extinction of the quartz 
i idicates that it is strained. Pale greenish-brown 
1 iotite makes up 5 °, of the rock. Epidote occurs as 
an accessory mineral, forming from the breakdown 
of plagioclase, and there are a few small garnet 
crystals. Sphene, zircon and opaque ore are present 
as accessory minerals. The rock does not show any 
referred orientation of the minerals. The second 
S jecien, HC999. is a schist showing a very well m  
eveloped preferred orientation of white mica and 
L ongate epidote grains. In thin section, the foliation 
is seen to he the result of the presence of discrete 
bands which may be dominantly of quartz, or of 
f'ldspar, or of white mica with epidote, the bands 
being of roughly equal size. The feldspars are 
recrvstallised plagioclase aggregates, some crystals 
being simply twinned and including a few larger 
crystals of microcline. The quartz layers are quite 
finely recrystallised aggregates with sutured grain 
boundaries and showing undulose extinction in 
ildivi(lual grains. The mica and epidote are inter 
grown and the micas though generally parallel to 
the dominant foliation are in some cases bent. 
Accessory minerals are sphene, zircon and apatite. 
A few pale greenish-brown flakes of biotite are 
present in the white mica-epidote layers. 
Zircons were extracted from the samples by 
crushing and grinding followed by heavy mineral 
separation using a \Vilfley water table, heavy liquids 
and magnetic separation techniques. The zircon 
yields for the two samples were as shown in table 1. 
Trn.i 1. — Zircon yields for samples HG 998 and RC 999. 
Sample 	Zircon 
Weight Weight 
RC998 - massive granite 1.5 km 
north of Kataphygion 	 32.15 kg 	1.52 gm 
RC999 - foliated granite 4 km 
north of Kataphygion 	 31.0 kg 	0.17 gm 
These zircon samples were then sized into five 
fractions from — 45 microns to -- 106 microns by 
sieving and each size fractions was then subjected 
to magnetic separation at various degrees of channel 
tilt. The non-magnetic fractions at 1 degree of tilt 
were weighed and an approximate estimate of the 
content of equivalent uraniurn was made for each 
fraction using an alpha counter. Three fractions of 
HC998 and one of 11099 were selected for analysis 
(see table 2). The uranium and lead analytical 
methods followed those of Krogh 119731. The 
zircon samples were hand-picked to a purity greater 
than 99 °. They were boiled in 50 ° nitric acid 
and then in four times distilled water and dried 
and dissolved in sub-boiling-distilled hydrofluoric 
acid in a Teflon-lined pressure vessel. After ali-
quoting and spiking with 208Pb and 235T  (over 
99.5 ° enriched, Oakridge National Laboratory), 
the lead and uranium were extracted by ion-
exchange techniques. Lead was mounted on a 
single rhenium filament as phosphate on silica gel, 
and uranium also as phosphate with tantalum oxidle 
on a ttingsteil filament. The data of the isotopic 
analysis were obtained by an A.E.I. G.E.C. MSI2, 
12 inch radius. 90 degree sector, solid source mass 
spectrometer. 
The data are presented in table 2. The high 
values of the 206 Pbi204Pb ratio indicate a low level 
of common lead contamination in the analysed 
samples. The absolute amounts of common lead 
present are shown in table 3. Errors dlue to the 
uncertainty in the common lead correction are very 
small and the low contamination levels in the ana-
lysed samples reduce errors introduced by the 
uncertainty in the assumed common lead compo-
sition to an insignifican tlevel. Uncertainties in the 
207P1i / 206 Ph and 20I)1)j238T  ratios are ± 0.1 % or 
Bull. Soc. gêol. Fr., 1976, n°  2. 	 65-(CNRS) 
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6. -- IMPLICATIONS OF THE STRUCTURAL AND 
RAI)IOMETI( IC INFORMATION. 
0-055 1 206Pb1238U 
The establishment of a maximum age for the 
granite and the subsequent deformations in the 
I ugh Pieria region, together with other work in 
the area, particularly by Barton 119751, allows the 
tentative correlation shown in table 4 to be made 
tor the structural history of the ground which forms 
part of the allochthonous Pelagonian sheet between 
the Olympus platform and the kataphvgion granite. 
The correlation of the granites of the Olympus 
¶egion with that of the I ugh Pieria is speculative 
ince the Olympus area granites have been meta-
_norphosed and deformed into augen schists and 
ifrivlonites but a pre-Cretaceous age is clearly mdi-
4ated by the age obtained from the mylonites by 
3a rt on. 
The Lower Cretaceous correlation relies on the 
ersistence of the well-developed first schistosity 
across the whole area including t he region between 
Olympus and the High Pieria, which has recently 
been mapped in detail by Nance (pers. comm.). This 
schistositv appears to have been developed (luring 
the event in which the mlonites and phengites  
0-05 
O-O45 
Ito. 2. - Section ofa I-l'b concordia showing the data 
points from the undeformed granite (HC998) and from the 
th-1orni granite (RC999) with error boxes as indicated. 
T..aI,E 4. 	Tentative structural correlations of High Pieria and Olympus regions 
Tertiary 
Lower Cretac otis 
Upper Carboniferous 
High Pieria region 
Second and later ( formation episodes 
Strong flattening and mvotsitisation during 
mpiacin?Iit of granite 
Granite intrusion at 302 ± 5 m. y. (U-Pb 
on zircons) 
Olympus region 
Alloeht hon emplacement from south-west 
phvllonites at 40 	1.2 my. (Rb-Sr on 
whole rock) (Barton. 1975) 
Mylonites at 127 	3 m.y. (Rb-Sr oil whole 
rock and on phengites) (Barton, this volume) 
Original intrusion of granit( s, now represented 
entirely by augen schists and mylonites 
which have been dated by Barton (see above) were 
formed. Godfriaux 119681 also considered all these 
schists to be one unit, which he named the Livadi 
augen gneiss. This correlation would also be consis-
tent with the Rb-Sr radiometric ages of 135 to 
- 140 mn.y. (no error range quoted) reported by Mercier 
[1968, p.  730-7331 on muscovites and biotites from 
the Kajniaktchalan Massif of the Pelagonian zone 
near the Greece-Yugoslavia border, some 100 km to 
the north. The correlation implies a major phase of 
ll)l)C emplacement of Lower Cretaceous age contem-
lorwIs with regional metamorphism if, as seems 
likely, the thick svnmetamorphic inylonite zones at 
the base of the gra nite and the top of the u ii derIving 
schists represent a major movement horizon. 
ACKNOWLEDGMENTS. 	The U-Pb determinations 
were carried out at the Scottish Universities Research 
and Reactor Centre at East Kilbride and the first 
author wishes to thank Dr. R. 1'. Pidgeon for permis-
sion to undertake the work at S.U.B.R.C. and for 
advice Mr. J. .Jocelyn for assistance with the zircon 
separation ; Dr. A. G. Smith, C. M. Barton and 
H. 1). Nance for helpful discussions and comments 
in the field. 1)r. .J. E. Dixon offered invaluable criti-
cism during the work and on the manuscript. The 
first author acknowledges the receipt of a N.E.B.C. 
studentship. The S.U.H.H.C. is supported by a 
N.E.R.C. research grant. 











'). I'oqo bAa1 auap!juo %96 P fauca LiD fault pasogPUO 
50340 04U0 !!!W puo UO)f$OL1Q  .JOJ DOp I0 P1 IS L ''d 
11 	I.4otd o.xo o ,.1od 00 
cc • f0 •. 
91 - 1 U090 U 1 1 	 ipo puO3I 




11 - ,.uojd ,oixo aj i.god 0. 
61 - J.io .. 
IPICY PUO.S 
uosjsoqC 	 N 






•• ax.' - 14 




• axis -23 
0 o polls to axial plants - 17 
14 N' 
First folds 
•+ axes - 15 







00 	 . 0 











oOpoles to axial planes - 43 
1' 	 N 
a 	 N 
Lineations 	 CrsnuIotons - 38 
• mineral 23 
N intersection - 9 
Figure 5 	Structural data for Mavroneri Valley. 
Dashed lines are cones at 95% confidence level about t,. 
Lineations - 52 
Figure 6 Structural data for Valkanies-Kataphygion area. 





Contours at 200m 
intervals 
1 PEI  








p 	+ 	 I 	0 	 0Carbc,x,f. 	 / / .Q Co 	 / 	 / 	: 	. 0 0 
<01> <:I- 
O*.rtzi 	 Muror*r, 
/ 
C,urodcriu 	+ 	 0 I 	 4 









Aznphibolites 	 - 	 Meos_.__ 
rpen = 0 - 	- 
= 
- - - 	Livodi Schists 	- - - 
MJ'.n Scw*a 	 Pal.okosfro 	 S. of Dhosluon 	K&ophy.on 	W. Movron.ci 	 F. Mov,-oneri 
of 
93 
k 	 Cal 
3. 
1 
+ 	- 7A Ic-- ' V 	 i 	 - 
:: 
 
+ + +/' / 	
/ 	 ---------------' '\ 
3. 
V) 
TURNER, F.J. 1968 Metamorphic Petrology - Mineralogical 
and Field Aspects. McGraw-Hill, New York, 403pp. 
VELDE, B. 1964 Upper limits of stability of muscovite. 
Am. Mm. v. 51, pp. 924-929. 
VERGELY, P. 1976 Chevauchement vers ltOuest et 
rtrocharriage vers l'Est des ophiolites: deux 
phases tectoniques au cours du Jurassique supérieur 
- Eocretacê dans les Hellnides internes. Bull. 
Soc. gêol. France (7), v. XVIII, pp. 231-244. 
WALLBRECHER, E. 1976 Geologie und Tektonik auf dem 
SUdteil der Magnesischen Halbinsel (Nord-Griechenland). 
Z. Deutsch. geol. Ges., v. 127, pp. 365-371. 
WETHERILJJ, G.W. 1956a An interpretation of the Rhodesia 
and Witwatersrand age patterns. Geochim. Cosrnochim 
Acta. v. 9, pp. 290-292. 
WETHERILL, G.W. 1956b Discordant uranium-lead ages. 
Am. Geophys. Union Trans., v. 37, pp. 320-326. 
YARWOOD, G.A. & AFTALION, M. 1976 Field relations and 
U-Pb geochronology of a granite from the Pelagonian 
zone of the Hellenides (High Pieria, Greece). Bull. 
Soc. geol. Fr., (7) v. 18, pp. 259-264. 
YARWOOD, G.A. & DIXON, J.E. 1978 Lower Cretaceous and 
Tertiary thrusting in Pelagonian rocks of the High 
Pieria, Greece. 	Proc. VI. Colloq. Geol. Aegean 
Region, Athens, 1977 (in press). 
ZIMMERMAN, J. 1972 Emplacement of the Vourinos ophiolitic 
complex, northern Greece, in Shagam, R., et al., (eds.). 
Studies in Earth and Space Sciences, Geol. Soc. Am. 
Mem. 132, pp. 225-239. 
ZIMMERMAN, J., AVE'LALLEMANT, H.G., CARTER, N.L., IVIERCIER, 
J.-C.C., & ROSS, J.V. 1977 Palaeopiezometry and 
geothermometry applied to the Vourinos ophiolite 
complex, Greece. Eos, v. 58, P. 493 (abstract). 
REFERN CES 
ALDRICH, L.T., WETHERILL, G.W., TILTON, G.R. & DAVIS, 
G.L. 1956 The half life of 87Rb. Phys. Rev., 
v. 104, PP. 1045-1047. 
AUBOUIN, J. 1959 Geosynclines. New York. (Elsevier). 
BAADSGAARD, H. and van BREEIVIEN, 0. 1970 An experimental 
study of thermally induced migration of Rb and Sr in 
an adamellite. Eclog. geol. Helv., v.63, pp. 31-44. 
BARTON, C.M. 1975a Mount Olympos, a study in thrust 
belt tectonics. Unpubl. Ph.D. thesis, Univ. of 
Cambridge, England. 
BARTON, C.M. 1975b Mount Olympos, Greece: new light on 
an old window. Ji. geol. Soc. Lond., v.131, pp. 
3 89-396. 
BARTON, C.M. 1976 The tectonic vector and emplacement 
age of an allochthonous basement slice in the Olympos 
area, N.E. Greece. Bull. Soc. geol. Fr. (J), v.18, 
Pp. 253-258 
BINGHAIvI, C. 1964 Distributions on the sphere and on the 
projective plane. Unpubi. Ph.D. thesis, Yale 
University. 
BRAUD, J. 1967 Stratigraphie, tectonique, metamorphism 
et ophiolites dane le Vermion septentrionale (Macédoin, 
Grèce). Unpublished thesis, Orsay, Paris. 213pp. 
BRUNN, J.H. 1956 Contribution a l'êtude gêologique du 
Pinde septentrionale et d'une partie de la Macédoine 
occidentale. Ann. géol. Pays Hellén., v.7, PP-1-358 
BRUNN, J.H. 1959 Zone du Vardar et zone plagonienne en 
Grèce. C.R. Soc. gêol. France, v.6, 138-9. 
BULLE, J. & ROLLET, M. 1970 Essai de dfinition des zones 
j( internee des Dinarides en Macédoine (Yougoslavie). 
It- Bull. Soc. géol. Fr., (7), v. XII, PP. 1048-1059. 
CHENEVART, C. & KATSIKATSOS, G. 1966 Passage lateral des 
sediments Permo-Carbonifêres aux marbes et schistes 
mêtamorphicues, en Eubée (Grèce). Inst. Geol. 
Subsurface Res. Athens. Geol. Geophys. Res. v.10, 
no. 2. 
DERYCKE, F. & GODFRIAUX, I. 1976 MCtamorphismes "schistes 
bleus et schistes verts" dans l'Ossa et le Bas-Olympe 
(Thessalie - Gréce). Bull. Soc. gèol. France (7), 
v. 18, p. 252 (abstract). 
DERYCKE, F. & GODFRIAUX, I. 1978 A cross-section in the 
Olympus area (Thessaly - Greece). Proc. VI Colloq. 
Geol. Aegean Region, Athens 1977 (in press). 
DERYC}E F., GODRIAUX, I. & ROBASZYNSKI, F. 1974 Sur 
quelques paragenéses du mêtamorphisme de haute 
pression-basse temperature dane 1 1 0ssa et le purture 
de la fenêtre de l'Olympe (Gréce). Acad. Sci. (Paris) 
D.R., Ser. D., v.279 pp. 227-230. 
DUDLEY, R. M., PERKINS, P.C. & GINE, E. 1975 Statistical 
tests for preferred orientation. J. Geol. v. 83, 
PPo 685-705. 
ESKOLA, P. 1915 On the relations between the chemical 
and mineralogical composition in the metamorphic 
rocks of the Orijarvi region. Bull. Comm. geol. 
Finlande, No. 44. 
FERRIERE, J. 1973 Données nouvelles sir la Crêtacê 
supêrieur de la zone plagonienne en Thessalie 
mêridionale orientale (Cordue occidentale du golf e 
de Volos massifs du Chalkodonio et du Plion). Ann. 
Soc. gêol. Nord., v. XCIII, pp. 137-145. 
FERRIRE, J. 1975'Etude prêliminaire d'un secteur des 
massifs crystallins internes ("zone p1agonienne"): 
la region de Volos, Grêce continentale orientale. 
Bull. Soc. gêol. France, v. XVIII, pp. 265-272. 
PERRIERE, J. 1976a Etude prêliminaire des terrains 
métamorphique de la presqu'ile du Plion antrieurs 
aux niveaux conglomeratiques prêsurns Cretace 
supêrieur (Grce continentale orientale). Consciuences 
tectoniques. C.R. Acad. Sc. Paris, v. 282, pp. 1485-8. 
FERRIRE, J. 1976b Sur la signification des sries du 
massif de 1 1 0thrys (Grêce continentale orientale): 
la zone isopique maliaque. Ann. Soc. Gêol. Nord., 
V. XCVI, pp. 121-134. 
PLEURY, J.J. & GODFRIAUX, I. 1974 Arguments pour 
l'attributjon de la serie de 1a fenêtre de l'Olympe 
(Grêce) a la zone de Gavrova-Tripolitsa: presence 
de fossiles du Maastrichtian et de l'Eocêne infêrier 
(et moyen?). Ann. Soc. Go1. Nord. v. XCIV, pp. 149-
156. 
PLEUTY, M. J. 1964 The description of folds. Geol. Ass. 
Proc., v. 75, pp. 461-492. 
FROST, R.T.C. 1976 Structural and metamorphic geology 
of the Volos region, eastern Greece. Unpublished 
Ph.D. thesis, Edinburgh University. 168pp. 
GODFRIAUX, I. 1964 Sur le mêtamorphisme dans la zone 
p€lagonienne orientale (region de l'Olympe, Grèce). 
Bull. Soc. geol. Fr. v. 6, pp. 146-162. 
GODPRIAUX, I. 1970 Etude gêologique de la region de 
l'Olympe (Grêce). Amrn. Gol. Pays Hellén. V. 19 
(1968) pp. 1-282. 
GODFRIAUX, I. & MERCIER, J. 1964 Essai de comparaison 
des massifs métamorphiques de Thessalie et de 
Macêdoine. Ann. Soc. gêol. Nord, v0 84, pp. 205-
221. 
GRAHAM, C.M. & ENGLAND, P.C. 1976 Thermal regimes and 
regional metamorphism in the vicinity of overthrust 
faults: an example of shear heating and inverted 
metamorphic zonation from Southern California. 
Earth and P1. Sci. Letts., v. 31, pp. 142-152. 
HANSEN, E. 1966 Methods of deducing slip line orientations 
from the geometry of folds. Ann. Rep. Director, 
Geophys. Lab. Wash., pp. 387-405. 
HARLAND, W.B., SMITH, A.G. & WILCOCK, B. (ed.) 1964 The 
Phanerozoic Time Scale - a Symposium, Quart. J. Geol. 
Soc. London, 120S, 458pp. 
HARRE, W., KOCKEL, F., KREUZER, H., LENZ, H., MULLER, P. 
& WALTRER, H.W. 1968 Uber Rejuvenationen im Serbo-
Mazedonischen Massiv (Deutung radiometrischer 
Allersbestimmungen) mt. Geol. Congr., 23, 6, 223-36. 
HIGGINS, M.W. 1971 Cataclastic Rocks. U.S.G.S. Prof. 
Paper 687, pp. 97. 
HOSCHEK, G. & WINKLER, H.G.F. 1965 Bildung von Staurolith 
und Chloritoid bei der experimentellen Metamorphose. 
Naturwissenschaft, Jahrg. 52, pp. 1-2. 
HYNES, A.J., NESBET, E.G., SMITH, A.G., WELLAND, M.J.P. 
& REX, D.C. 1972 Spreading and emplacement ages of 
some ophiolites in the Othris region (eastern central 
Greece). Z. Deutsch. Geol. Ges., v. 123 2 pp. 455-468. 
INGRRAM, M.G. (1954) Stable isotope dilution as an 
analytical tool. Ann. Rev. Nuc. Sci., v.4, pp. 81-
92. 
INSTITUTE FOR GEOLOGY AND SUBSURFACE RESEARCH General 
geological map of Greece, 1:500,000, northern sheet. 
Athens. 
JACOBSHAGEN, V. 1978 Structure and geotectonic evolution 
of the Hellenides. Proc. VI Colloq. Geol. Aegean 
Region, Athens, 1977 (in press). 
JXGER, E. 1973 Die alpine Orogenese im Lichte der 
radiometrischen Alterbestimmung. Eclog. Geol. Helv., 
v.66, pp. 11-21. 
KELEPERTSIS, A. 1974 Geological structure of Alonnisos 
and Peristera islands. Z. Deutsch. Geol. Ges., v.125, 
pp. 225-236. 
KOCKEL, F., MOLLAT, H. & WALTHER, H.W. 1972 New facts 
and ideas on the innermost zones of the Hellenides 
(a comprehensive view). Zei -t. deut. geol. Ges., 
v.123, pp. 349-352. 
KROGH, T.E. 1973 A low-contamination method for hydro.- 
thermal decomposition of zircon and extraction of 
U and Pb for isotopic age determinations. Geochirn. 
Cosmochim. Acta., V. 37, pp. 485-494. 
LYONS, J.B. 1955 Geology of the Hanover quadrangle, 
New Hampshire-Vermont. Bull. Geol. Soc. Am., 
V. 66, PP. 105146. 
MARDIA, K.V., 1972 Statistics of Directional Data. 
Academic Press, London, pp. 357. 
IVI1ERCIER, J. 1968 ttude géologique des zones internes 
des Hellênjdes en Macêdoine centrale (Grèce). Ann. 
gêol. Pays Hellên., v. 20, pp.  1-792. 
MOORES, E.M. 1969 Petrology and structure of the Vourinos 
ophiolite complex of Northern Greece. Geol. Soc. 
A., Spec. Paper 118. 
NANCE, R.D. 1976 The Livadi Mafic-Ultramafic Complex 
and its metamorphic basement, N.E. Greece. Unpublished 
Ph.D. diss., Univ. of Cambridge, England. 
NAYLOR, M.A. & HARIJE, T.J. 1976 Palaeogeographic 
significance of rocks and structures beneath the 
Vourinos ophiolite, northern Greece. Jl. geol. Soc. 
Iond., v. 132, pp. 667-675. 
NISBET, E.G. 1974 Unpubi. Ph.D.thesis, University of 
Cambridge, England. 
NICOLAYSEN, L.O. 1961 Graphic interpretation of discordant 
age measurements on metamorphic rocks. N.Y. Acad. 
Sci. v. 91, pp. 198-206. 
OtNEIL, J.R. & TAYLOR, H.P. Jr. 1967 The oxygen isotope 
and cation exchange chemistry of feldspars. Am. Mm. 
v.52, pp. 1414-1437. 
SMITH, A.G., HYNES, A.J., MENZIES, M., NISBET, E.G., 
PRICE, I., WELLAND, M.J. & PERRIERE, J. 1975 The 
stratigraphy of the Othris Mountains, eastern central 
Greece: a deformed Mesozoic continental margin sequence. 
Eclog. geol. Helv., v. 68, pp. 463-481. 
SMITH, A.G. & MOORES, E.M. 1974 Hellenides, In: Spencer, 
E.M. (ed.). Mesozoic-Cenozoic Orogenic Belts - data 
for orogenic studies. Geol. Soc. Lond. Sp. Pub. 4, 
PP. 159-185. 
SMITH, A.G. & WOODCOCK, N.H. 1976 Emplacement model for 
some "Tethyan" ophiolites. Geology, v. 4, pp. 653-
656. 
THOMPSON, J.B. jr. 1957 The graphical analysis of mineral 
assemblages in pelitic schists. Am. Mm. v. 42, pp. 
842-858. 
itroduct ion 
Detailed mapping at scales from 1:10,000 to 1:50,000 of the High Pieria mountains 
N. Thessaly in the Pelagonian zone of the Hellenides, part of the area first 
scribed by Godfriaux (1968), has shown that they consist of.a stack of thrust sheets. 
e stack is 21 km. thick and is termed the Pieria allochthon. The highest structural 
rit is the metamorphosed carbonate cover of presumed Triassic-Jurassic age, by 
nalogy with fossiliferous marbles in the equivalent position further north (Mercier, 
2 , p. 1 9). This rests on various members of the underlying structural sequence and 
ri places overlaps thrust surfaces inferred to be of lower Cretaceous age, it has 
ius clearly been involved in the post-Jurassic thrusting events affecting the area 
A cannot be considered truly autochthonous. 
The highest major unit below the carbonate cover is the deformed and metamorphosed 
ieria Granodiorite. Its field relations and U-Pb geochronology have been described 
y Yarwood and Mtalion (1976), who showed that the zircon U-Pb systems closed at 
02 ± 5 m.y. (Westphalian) during cooling of the granite magma. The granodiorite 
ow has the form of a broadly synformal sheet with a very strongly tectonized lower 
ontact with mylonitized metasedixnents, and several gently inclined internal zones 
t strong deformation up to 500 m. thick and extending for several km. The granodio-
ite has been tectonically emplaced into its present position and no original 
ntrusive relationships are preserved. 
The purpose of this paper is to describe the remaining part of the structural 
uccession in outline, to show how the sequence of minor structures may be correlated 
hroughout the area and to present the results of Rb/Sr isotopic age determinations 
the deformed granodiorite and on a proto-mylonite derived from it from nearer to 
ts basal contact. These events will be related to the structural sequence established 
Nance (1977) in the area to the south (fig. I ), which underlies the Pieria 
llochthon, and to radiometric data obtained by Barton still lower in the structural 
uccession around the Olympus window. 
tructural Succession 
The units lying below the Pieria granodiorite are exposed in the Mavrorieri 
alley in the south and on the north-facing slopes of the Aliakmon Valley in the 
- 	
- (f,.z). 
orth but are not continuously exposed between 
PA 
 Correlation is by structural position, 
tyle and lithology and is summarised in rig . 3 . Similarly the Kastariia Granodiorite 
o the north of the Aliakinon is correlated with the Pieria Granodiorite to the south 
s it shows an identical range of lithologies and styles of deformation. A series 
f NE-SW trending faults along the Aliakinon Valley has offset the lower contact of 
he granodiorite dextrally. 
(f j .1f) 
In the south the Pieria Granodiorite has a gradational contact with a thick 
c.500 in.) series of quartzo-felspathic rocks, the Upper Mavroneri Augen Schists 
ithin which are discontinuous bodies of urideformed granodiorite up to 50 in. thick. 
hese augen schists are well-foliated proto-mylonites in the sense of Higgins ( 1 97 1 ) 
nd are considered to be the deformed lower part of the granodiorite sheet because 
f the transitional nature of the upper and internal contacts and the further observa-
ions that they match it chemically and the mineralogy of the augen is identical to 
hat of the granodiorite phenocrysts. Deformed equivalents of the xnafic xenoliths, 
asaltic and aplitic sheets seen in the granodiorite can also all be recognized in 
he augen schists and no obvious metasedimentary horizons are present within the unit. 
At the base of this unit is the Quartzite-Pelite Unit which is up to 20 in. thick 
nd contains in the lower part layers of pure quartzite up to 75 cm thick interbedded 
ith pelitic schist layers less than 10 cm thick and in the upper part similar 
uartzite-schist intercalations but in which schist is dominant. The unit is 
raceable for some 12 km along the }Aavroneri Valley and is clearly of sedimentary 
rigin. However as it now overlies a further 500 m.thick quartzo-felspathic unit, the 
ower Mavroneri Augen Schists, which is identical in character to the Upper Mavroneri 
ugen Scists and thus by implication is also deformed and metamorphosed granodiorite, 
he Quartzite-Pelite Unit must be a tectonically incorporated slice bounded by 
hrusts above and below, parallel to its bedding planes. 
In the north of the area the strongly deformed basal part of the Pieria and 
astania granodiorites is very much thinner (c.50 in) and the flattening much more 
ntense. It has not been named as a separate unit. Below it and below the Lower 
avroneri Augen Schists in the south lie mylonites which are of metasedimentary origin-
he Dhaskion. Kriovrisi and Mavroneri IAylonites. The Mavroneri Mylonites are 
-4- 
alcareous pelites. and quartzo-felspathic schists (meta-arkoses) and also include a 
rominent 2 m thick marble band near the top of the unit which is traceable for 10 km 
long the strike. Pelites and quartzo-felspathic schists are Interbanded in layers 
5 to 50 cm in thickness and have a proto-mylonitic texture. The Dhaskion and 
rJovrisi EflylOflites are mostly quartzo-felspathic and are dominantly proto-xnylonites 
bough xnylonites and ultra-mylonites (Higgins, 1971) also occur. Large boudins of 
elatively massive amphibolite up to 150 m in length also occur in places. 
Beneath the Mavroneri Mylonites is a conformable sheet-like body 200 xn thick of 
highly distinctive greenish-grey meta-igneous rock with large, euhedral, twinned 
nd zoned, randomly oriented K-felspar phenocrysts up to 5 cm across set in a finer 
Tamed hornblende-plagioclase-epidote-white mica groundmass with minor quartz and 
iotite. This body has strongly sheared upper and lower contacts and shows no 
benocryst grain-size reduction towards the margins or intrusive contact phenomena. 
ts contacts are the location of considerable strain and it may well be a thrust 
heet comparable to the Quartzite-Pelite Unit though much thicker, it is named the 
Lavroneri Meta-syenite on fig. 3 though meta-monzonite may be a more accurate term. 
equivalent unit is found in the north of the area. 
The lowest unit in both the north and the south areas is a series of compact, 
tell-foliated amphibolites. These contain very subordinate quartzo-felspathic layers 
ip to 50 cm thick in the Mavroneri Amphibolites and up to 2 m thick in the }Aelissopetr. 
rnphibolites in the north. The base of the amphibolites is not seen in the north 
'here they are at least 200 m thick. 
In the Mavroneri Valley the base of the Pieria allochthon is exposed and the 
Lmphibolites rest either directly on the Livadi Schists mapped by Nance (1977) or on 
.he West Mavroneri Ultramafics, one of a number of discontinuous ultramafic and gabbro 
)odies which overlie the Livadi Schists with marked discordance, truncating large 
icale structures caused by the interference of Nance 's second and third folds. Each 
iltramafic body normally shows three rock types in a sequence from base to top of 
rabbro, pyroxenite and serpentinite. The sequence in one body may be repeated wholly 
partly by further thrusts and all the constituents have been metamorphosed and 
-5- 
nd deformed. The range of lithologies and styles of small scale deformation in the 
dvadi Schists is very similar to that shown by the Pieria allochthon and the two 
roups of rocks are probably of the same age and environment of deposition. 
;tructure 
The primary schistosity observed in all units of the Pieria allochthon is 
arallel to the contacts between the units and there is no instance of the schistosity 
)eing truncated or deflected at thrust surfaces. The minerals which define the 
chistosity are metamorphic minerals which grew at the time of development of this 
chistosity or are recrystallised fragments of primary igneous quartz and felspar 
,rains. Locally however development of the mylonitic fabric continued after meta-
]orphic mineral growth, bending metamorphic micas for example, or, conversely, 
eased relatively early leading to the overgrowing of the mylonitic schistosity by 
)OrphyrOblastiC minerals. The conditions of metamorphism were close to the greenschis 
pidote-amphibolite facies boundary. 
Five episodes of deformation are recognized in the area of which three have 
issociated minor structures. These episodes will be reviewed briefly with the aid of 
;tereographic plots of data from four 
() 
in the succession in the south; the V 
jiorite part of the succession in the 
pposite sides of the Aliaknion valley 
regions: the Mavroneri valley, relatively low 
alkanies-Kataphygion area, high in the grano- 
(fr 6) 
west A and the Dhaskion and Mikri Santa areas on 
(i• 7). 
in the north Throughout the whole area the 
)rlmary mylonitic schistosity has rare tight to isoclinal similar folds associated 
'ith it to which the schistosity is axial planar. These first folds are lhl. or 
Less in amplitude. They plungb gently ENE in Mavroneri and E in Kataphygion. in 
ataphygion these folds are within the granodiorite where the only surfaces which can 
;how first folds are the aplite and dolerite sheets which were initially in a variety 
orientations. The axes of these folds are thus quite markedly dispersed. The 
unount of flattening and stretching here has also been quite variable, in the 
avroneri region first folds are more tightly grouped. This is probably due to the 
reater number of observations from the bedded metasediments and possibly also to 
;ome rotation into sub-parallelism associated with the greater degree of flattening 
-6- 
i this area. Only five first folds in the Dhaskion area and two in the Mikri Santa 
ea were observed and they have consequently not been plotted. 
A strong mineral elongation lineation occurs throughout the area and is coincident 
Lth a stretching lineation in deformed felspar phenocrysts in the granitic rocks. 
appears to be a first episode structure. The change in the orientation of this 
Lneatjon from south to west to north across the area appears to be the result of the 
tte fold episode which formed the major dish-like synformal structure. 
A second episode folds the mylonitic schistosity into close to tight similar 
Ads which generally plunge gently between N and E. These are variably tight in the 
vroneri region and have dispersed axial planes. Here the first and second episodes 
-e coaxial • In Kataphygion the axes are relatively more dispersed probably as a 
sult of the generally small and variable angle between the fold axial planes of 
mae tight folds and the mylonitic foliation being folded. The same effect may be 
irtly responsible for the girdle-like distribution of the sparse second-fold axes in 
askion and Mikri Santa. The first lineations and second fold axes are clearly not 
rallel in Kataphygion in contrast to Mavroneri but by the same argument this could 
the result of a small shift in the mean second fold axial-plane orientation away 
-om an orientation parallel to the first lineation, between Mavroneri and Kataphygion. 
m resultant angular separation between first lineations and second fold axes would 
ive been largely preserved during the later folding which produced the dish structure. 
Large gentle upright folds attributable to a third episode occur in places 
iroughout the area and are identified by mapping the first foliation. They are 
)proximately coaxial with secnd folds in Mavroneri and Kataphygion and trend NNW 
i Dhaskjon. Their effect on earlier structures if present is not obvious on the 
:ereograms. 
The formation of the dish-like structure of the whole allochthon appears to be 
distinct fourth episode. 
A fifth episode of conjugate vertical kink-bands has affected most of the area 
)oradically. The two sets differ in orientation by less than 15 0 and are plotted 
gether on fig.54 for the Mavroneri area. 
-7- 
Late structures possibly associated with the emplacement of the Pieria ailochthon 
knd not included in this chronological sequence are considered below. 
e Determinations 
Only the first and second episodes of folding are associated with mineral growth, 
md the majority of rocks show only the first schiatosity. in the granodiorite, zones 
strong first-episode deformation commonly also have well-developed second folds 
ut this may reflect the greater susceptibility of deformed granodiorite to the 
3ubsequent development of folds rather than a close time association of the two 
pisodes. Both clearly took place under similar conditions of metamorphism. 
Undeformed granodiorite (Y241) from Kataphygion had yielded a U/Pb zircon age 
Df 302 ± 5 zn.y. and a foliated sample from the same area yielded a slightly discordant 
point slightly younger than Y241 indicating some post-crystallization disturbance of 
the U/Pb systems (Yarwood and Aftalion, 1976). To determine the age of the event 
which generated the primary mylonitic schistosity and the metamorphic assemblage 
Rb-Sr isotopic analyses were performed on whole-rock powders and separated epidote, 
plagioclase and white mica from three samples: 
(1) 	Y341, a foliated granodiorite from the same outcrop that yielded the 
slightly discordant U/Pb point. 
Y289, a proto-mylonite from within the Pieria granodiorite. 
Y426, a proto-mylonite from the Lower Mavroneri Augen Schists. 
rhe 87 R to 
87 
 Srdecay constant used was 1.39 x 10
11
yrs. (Aldrich et al., 1956). 
Further details of technique may be obtained from the author. The isochrons in 
figs. 	 have been fitted by eye and the errors obtained from the maximum 
and minimum slopes consistent with the error bars. 
The two Pieria granodiorite samples Y341 and Y289 yield ages of 122-,- 3 m.y. and 
118 ± 5 m.y. respectively which clearly correspond to the same event. They have quite 
similar textures and show only one schistosity. 
The proto-cnylonite Y426 yields a significantly younger age of 103 ± 2.m.y. it 
shows a very weak second cleavage 300 from the first picked out by trails of finer-
grained white mica clearly derived from the large mica grains defining the dominant 
first schistosity. The slope of the isochron of Y426 is largely controlled by the 
-8- 
)sition of the mica point as the range of slopes through the other points is extremely 
irge and 122 or 118 m.y. jsochrons would lie well within it. The simplest explanation 
3 that Y426 has had its Rb/Sr system wholly or partially reset from an initial value 
lose to 122 m.y. in an event at 103 ± 2. m.y. or younger. This event probably generate 
le weak second cleavage. 
nterretation and Conclusions 
The field data indicate that the emplacement of the Pieria granodiorite on the 
tagediments below it and the tectonic incorporation of the Quartzite Pelite and 
etasyenite units into the structural succession are all coeval with the development 
the first (and principal) schistosity. In thin section the development of this 
chistosity is accompanied by the complete transformation of the granodiorite 
ineral assemblage (hbl-biot-Kfspr-plag-qtz) to the equilibrium metamorphic assemblage 
epidote-phengite 1- Kfspr-plag-qtz). it is this major thrusting event accompanied by 
etamorphism that yields the cooling ages of 122 and 118 m.y. - Hauterivian/Barremian 
the scale of Van Eysinga (1975). 
These dates are essentially the same as those obtained by Barton (1976) on very 
imilar inylonitized granitic rocks from the southern margin of the Olympus window 
bout 1 km above the basal Olympus thrust - 128 + 26 (Rb-Sr whole-rock isochron) and 
25+2 ± 10.7 and 126.6 ± 3.5 (whole-rock white mica pairs). It seems very probable 
hat the original crystallization age of this granitic material is upper Carboniferous 
iso, as in Pieria. 
If the metamorphism and generation of the first schistosity in the Livadi Schists 
also of lower Cretaceous age as seems likely by analogy with Pieria and the Olympus 
rea, the emplacement of both the ultraxnafic bodies and the Pieria allochthon must be 
ounger than this and younger also than the second and third fold episodes recognized 
Nance in the Livadi Schists. Structures attributable to this emplacement are 
carce. The Mavroneri amphibolites are strongly cleaved near the basal thrust with 
encil lineations implying a strong second cleavage, and rodding occurs in the 
ntercalated quartzo-felspathic schists. These linear structures trend E-W. Nance 
1977) and identify a total of 14 apparently late folds near the thrust trending 
-9- 
pproxinlately E-W with near horizontal axes and northward dipping axial planes which 
lay indicate emplacement from the north. 
The most tempting hypothesis at this stage is to correlate the emplacement 
vent with the resetting of the Rb-Sr system in the mica of Y426 and generation of 
:he weak second cleavage. This event would be middle Cretaceous or younger, or Is 
)oBsibly even Tertiary and related to the emplacement of the metamorphic nappe on 
o the Olympus carbonates (Godfriaux, 1968: Barton, 1976). Alternatively the 
-esetting could correspond to the second fold episode in Pieria and thus most 
)rObably not to the emplacement event which is very late in the Livadi sequence. 
urther isotopic work on rocks with well developed second episode cleavage from 
'ieria and rocks from near the thrust at the bane of the allochthon is needed to 
;est these hypotheses. 
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Figure Captions 
g.1 The area mapped by Yarwood in relation to those of Godfriaux (1968), 
Barton (1976) and Nance (1977). 
g.2 Geological sketch-map of the Pieria allochthon. 
Key:- I - Pieria Granodiorite and augen schiats derived from it. The 
Quartzite-Pelite Unit is shown dotted. 
2 - Metaaediinents, inetasyenite and amphibolites below the granodiorite, 
within the Pieria allochthon. 
3- Livadi ultramauic rocks. 
4 - Livadi schiets. 
5 - Marble of presumed Triassic-Jurassic age. 
6 - Neogene. 
7 - "Pelagonian ophiolites" of Godfriaw (1968). 
'ig.3 Correlation of schematic structural successions from north to south 
(right to left). 
ig.4 Sketch map of the Mavroneri Valley region showing the struetural relations 
between the Pieria and Livadi successions. Ornament is as in fig.3 except 
that the Livadi schists are unornamented. 
igs.5,6 & 7. Stereograms of structural data from the Pieria allochthon. 
rigs. 8a,b,c. Rb-Sr mineral isochrons of deformed granodiorites (a,b) and 
augen schist (c). 
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)stract 
The High Pieria mountains consist of a stack of thrust sheets of metamorphic 
)CkS (the Pieria allochthon). The uppermost sheet of the stack below the partly 
Ilochthonous carbonate cover is the deformed Pieria Granodiorite (previously shown 
fYarwood 	to have an U. Carboniferous crystallisation age). This sheet has been 
-irust upon somewhat thinner sheets of meta-igneous and meta-sedimentary rocks of 
iknown original age. The primary schistosity of all these rocks was formed in the 
ime tectonic episode as the major thrusting which constructed the stack. Rb-Sr 
3otopic analysis-of metamorphic minerals crystallised during this episode indicates 
mineral isochron age of 122+ 3 m.y. (Hauterivian/Barremian) for the metamorphism. 
The Pieria allochthon rests with marked discordance on the underlying Livadi 
:xnplex which itself is structurally above the circus-Olympus metamorphic rocks. The 
sal thrust truncates large scale interference structures in the Livadi schists or 
the 
tea above one of/discordant ultramafic bodies which also truncate these structures. 
3 these structures are later than the first schistosity in the Livadi schists which 
s correlated with that in Pieria, the emplacement of the allochthon and the ultramaf Ic 
dies must be younger than the Lower Cretaceous. Some late structures at the basoe 
r the allochthon are attributed to the emplacement as is the resetting of the Rb-Sr 
'stem in micas in an augen schist from low in the Pieria stack which yields an age 
103 ± 2rn.y. This is probably a maximum age for the emplacement, which could be 
rtiary. 
Present address: Institute of Oceanographic Sciences, 
Barry, S. Glamorgan, Wales. 
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